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ONEGREAT RELAY! 


Independent twin contacts 
for perfect contact operation. 


A highly efficient magnet circuit 
for sensitivity and high contact 
pressure. 


Coil operating range: up to 300 
volts, D.C., and 230 volts, A.C. 


Any controlled circuit arrange- 
ment requiring up to 26 terminals. 


Compact design for important savings in space and weight. 


Unique armature bearing for long wear under 
severe conditions. 


[t's the Class “B” Relay 
by AUTOMATIC ELECTRIC 


Here’s a relay that steps out from the crowd— 
a relay even better than Automatic’s widely used, widely copied, 
Class “A” relay. Use the Class “B” for your most exacting applica- 
tion—and discover for yourself its wide margin of superiority in 
sensitivity .. . dependability ... compactness ... versatility... 
and long wearing qualities! 

The Class “B” Relay and many others are described in catalog 
4071, now being prepared. For your copy of this new catalog, 
address Automatic Electric Sales Corporation, 1033 W. Van Buren 
TYPE 45 ROTARY SWITCH St., Chicago 7, Ill. In Canada: Automatic Electric (Canada) Ltd., 
Toronto. 


A rotary switch that’s new 
and better! 70 steps a second 


speed...upto 10 (or more) RELAYS 


bank levels . . . only one 


oe eee AUTOMATIC a ELECTRIC 


SWITCHES 


caving only the upright scake divisions. 
ew tapered pointer helps eye focus only 
n the reading. All but essential mark- 
mgs are masked by attractive case. 

Internal mechanism is designed for 
xtra reliability. High coercive Alnico 
Aagnet assures proper alignment, even 
ader severe operating conditions. Large 
ir gap reduces danger of stickiness 
aused by foreign particles. A variety of 
ypes and ratings in round or square 
ases ate available for use in radio, tele- 
ision or testing equipment. Get com- 
blete details from Bulletin GEC-368. 


DESIGNED FOR 
ea eS 


General Electric pulse transformers 
or radar and associated applications are 
lesigned to perform dependably in ex- 
remes of operating conditions. Many 
atings in current production are of a 
pecial nature—designed to keep pace 
vith rapidly changing requirements of 
he industry. However, for certain appli- 
ations, they can be built to the specifi- 
ations of electronic equipment manu- 
acturers. Types available include inter- 
tage transformers, blocking oscillator 
ransformers, charging chokes, current 
ransformers, and pulse thyratron grid 
ransformers. For a listing of available 
lesigns and ratings, send for bulletin 
sEC-481. 
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THEY'RE SMALL 
BUT THEY CAN TAKE IT 


Cast-glass bushings with sealed-in 
nickel-steel hardware can be readily 
welded, soldered, or brazed directly to 
the apparatus, thus eliminating gaskets 
and providing a better seal. Small, com- 
pact structure often makes possible re- 
duction of over-all size and weight of 
equipment. Practically unaffected by 
weathering, micro-organisms, and ther- 
mal shock, they’re particularly well 
suited for use in electronic equipment 
and in installations where operating 
conditions are severe. Available in rat- 
ings up to 8.6 kv and for currents to 
1200 amperes. Check Bul. GEA-5093. 


RELY ON THESE 
FOR STABILITY 


Fixed paper-dielectric capacitors are 
manufactured in accordance with joint 
Army-Navy specification JAN-C-25. 
They’re constructed with thin Kraft 
paper, oil or Pyranol* impregnated, for 
stable characteristics and high dielectric 
strength. Plates are aluminum foil; 
special bushing construction provides 
for short internal leads, prevents possi- 
ble grounds and short circuits. Cases 
have permanent hermetic seal. 


Case style CP 63 (shown above) is 
tated 0.1-0.1 muf and 1000 volts. 
Other ratings range from .01 muf to 
15 muf and from 100 to 12,500 volts. 
Write for detailed description and oper. 
ating data in bulletin GEA-4357A, 
*Reg. U.S. Pat. Off. 


DOES A BIG JOB 


IN CLOSE QUARTERS 


G.E.’s midget soldering iron can do 
a big job with only one-fourth the watt- 
age usually used. This handy 6-volt, 
25-watt iron is only 8 inches long with 
ye" or 4" tips and weighs but 134 
ounces. Designed for close-quarter, pin- 
point precision soldering, the “midget” 
offers you all these advantages: low cost 
soldering; “finger-tip” operation; quick, 
continuous heat; easy renewal; long life; 
low maintenance. A real aid in designing 
radios, instruments, meters, electric ap- 
pliances, and many other products re- 
quiring precision soldering. Available 
from stock. Check bulletin GEA-4519. 
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0 GEC-368 Panel Instruments 
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CHARLES EDWARD WILSON 


PRESIDENT OF GENERAL ELECTRIC COMPANY 


On September 2, 1949, Mr. Wilson completed fifty years of General Electric 
service. This half century has seen the greatest achievements of industry, many 
of them accomplished through the developments and applications of electricity 
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HALF CENTURY OF THE UNCOMMON MAN 


_ Some years ago, during;World War II, a 
then well-known political figure foresaw a 
bright post-war world, a new era of peace 
and wealth. His view of the new standard of 
living in the new world was summed up in 
his definition of the war’s objective: the war 
was being fought so that the “common man” 
everywhere in the world could enjoy a quart 
of milk every day. This, he added triumphant- 
ly, was to be the “Century of the Common 
Man.” 

Being the Friend of the Common Man, with 

capital letters, became for a number of years 
_ the chief mission of this political phrase- 
maker. Some home-spun philosopher once 
observed that the Lord must love the common 
people because he made so many of them. 
Whether or not this be true, it seems that 
political phrase-makers love Common Men 
- because they assume so many of them are 
voters. Promising the Century of the Common 
Man comes pretty close to promising some- 
thing for everybody, which has long been 
considered the ideal political platform. 

The difficulty, as is often the case with 
political platforms, lies in carrying it out. In 
the first place, the meaning of the Common 
Man was never clearly defined. It was im- 
possible to tell whether the objective of the 
Century of the Common Man was to raise 
everyone everywhere in the world to the level 
of the highest or to reduce all to the level of 
the lowest. 

More than one hundred and fifty years ago 
the founders of our political system took a 
broader view of the “Common Man.” They 
did not speak of the equal right of every man 
to a quart of milk a day, nor did they set any 
other arbitrary material standard. Rather they 
sought to establish equality on a basis which 
is an incentive to the progress of all men, 
common and otherwise. That is the equality 
of opportunity to improve himself and the 
world as he finds it with the talents he is 
given. 

If all men were not only born equal but 
stayed that way, the Century of the Common 


Man, in which every man remained equal, 
common and average, would have arrived. 
But progress would have stopped. It is the 
equal opportunity to do a little better than the 
other fellow which has led to every improve- 
ment in civilization since the beginning of 
time. If Edison had been content to play the 
role of the “Common Man,” there would 
have been no electric light, no phonograph, 
no one of the thousand other inventions by 
which he established himself as an Uncom- 
mon Man. 

So it is in every walk of life. It would be a 
dull game in which every man had a common 
batting average. It’s the Uncommon Man 
who bats in the runs that win the games. The 
important thing to remember is that when the 
Uncommon Man wins for himself, he wins 
for the whole team. 

It is no paradox that two of the ideals 
dearest to Americans are equality and “un- 
common-ness.” Equality of opportunity boils 
down to a sense of fair play. “Uncommon- 
ness” is the ability to get ahead when the 
rules are fair. 

It is no wonder that Americans are proud 
of a Charles E. Wilson whose career proves 
that both of these ideals can be lived up to. 
Fifty years ago Charlie Wilson started his 
career with nothing more than an equal op- 
portunity to get ahead. Many might have 
called the opportunity less than equal for a 
boy leaving school to take a job at $3 a week. 
Surely it would have been easier at that stage 
to have been handed equality on some higher 
level by government decree. 

But Charlie Wilson in 1899 had never 
heard of the Century of the Common Man. 
Reviewing the progress of the past fifty years, 
it seems fortunate that the pace has been set 
for the first half century by the Uncommon 
Man, by Charlie Wilson and many others like 
him. True it is that the goal of a quart of milk 
a day for everyone everywhere in the world 
has not yet been reached. But in America, 
where the pace is set by the Uncommon Man, 
we are coming closer to it every day. 
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Letterhead 
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NEW HIGH-VOLTAGE ENGINEERING LABORATORY 


The superior facilities provided in this two-million-dollar high- 
voltage laboratory will enable engineers to extend the research 
of high-voltage phenomena, thereby gaining new knowledge 
in the testing and developing and the operating of commer- 
cial high-voltage equipment of better quality at lower cost 


By J. H. HAGENGUTH 


High-voltage Engineering Laboratory 
Pittsfield Works, General Electric Company 


Bae year 1949 marks another milestone for high- 

voltage research and development with the open- 

ing of the High Voltage Engineering Laboratory of the 
General Electric Company in Pittsfield (Mass.) 

Entirely new and with greatly increased facilities, the 


High Voltage Laboratory will enable the Company’s: 


engineers to extend research and developmental work 
on high-voltage phenomena to previously unattained 
levels and at a greatly accelerated rate. That the im- 
portance of the new laboratory as a tool for cost reduc- 
tion and product development may be more fully 
realized, it is fitting to review the principal accomplish- 
ments of the past. 


aan BACKGROUND 


_ The first laboratory, constructed at Pittsfield in 1914, 
‘was the scene of many accomplishments. Early work, 
under the direction of F. W. Peek, Jr., was concerned 
primarily with alternating-current phenomena, The 
sphere gap was investigated and perfected as a measur- 
ing device for high voltages and the effects of frequency 
and air density on its accuracy were recognized. Limita- 
tions of the needle gap, particularly sparkover variation 
with humidity, were discovered. 

Corona studies permitted formulation of laws of 
as on transmission lines, which even today are 
considered as a solid basis for calculations. 

a Work on the effect of direct-current voltages on air, 
quid, and solid insulation resulted in recommending 
direct-current voltage test on cables in the field as a 
quality-control test, a practice which is now used 
idely. 

Suspension insulators of early manufacture could not 
e depended upon from mechanical and electrical 
onsiderations. Extensive work in the laboratory, in- 
cluding electrical, mechanical, porosity tests, deter- 
mination of voltage distribution, and the shielding of 
: trings contributed to a great extent to the perfection 
of suspension insulators as we know them today. 

F The investigation of natural lightning and its repro- 
duction in the laboratory received a great boost from 
Dr. Steinmetz when his interest was aroused by light- 


" 


"This article is so paged that, without mutilating other articles, it can be 
really removed for filing as a group of full-size consecutive pages.—EDITOR 
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ning striking his camp on the Mohawk river in 1921. 
Peek was successful in increasing the voltages produced 
by artificial lightning or impulse generators by high- 
voltage alternating-current charging of the laboratory 
clouds or capacitors up to 3,500,000 volts. The develop- 


Front view of the new High-volfage Engineering Laboratory, showing 
the Low Bay Building in the foreground. The High Bay is the tall build- 
ing partially visible at the left rear, and behind it a tower of the labora- 
tory transmission line 


ment and use of the Marx circuit in 1927 removed 
limitations previously existing and opened up a new 
field of high-voltage research—that of, reproducing at 
will surges similar to natural lightning. 

The introduction of Dufour’s cathode-ray oscillo- 
graph by K. B. McEachron in 1925 in the Lightning 
Arrester Development Section at the Pittsfield Works 
gave high-voltage investigators the remaining tool 
needed to study natural lightning effectively and its 
effects on high-voltage apparatus in the laboratory. 

A new terminology applying to the extremely fast 
phenomena under investigation was developed, such as 
‘“time-lag of sparkover and breakdown,”’ “impulse ratio 
of sparkover and breakdown,” and ‘‘microsecond”’ 
the time unit appropriate to lightning and impulse ee 

The new tools for reproducing natural lightning in 
the laboratory were used to determine the effectiveness 
of ground-wire protection of transmission lines, the 
effectiveness of lightning-rod protection of houses, 
barns, and other structures—such as oil reservoirs, oil 
tanks, and powder magazines. The results were in- 
corporated into a code of lightning protection. 


Lightning investigations on transmission lines in the 
years 1927-1931 revealed the wave shapes of traveling 
waves on lines, but did not give sufficient evidence of 
the nature of the lightning stroke at its point of contact. 
In all these years, investigations of many groups re- 
sulted only in one oscillogram of a direct stroke to a 
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AREA 10 
OUTDOOR TEST AREW 


Floor plan of the first floor of the new laboratory 


During this time, the effect of wave shape on impulse 
sparkover of rod gaps and insulator strings was in- 
vestigated. A 4X5, 1X20, and a 14% X40 us wave 
were recommended for standardization of testing pro- 
cedures. Protective gaps for wood poles were studied. 
The co-ordination between line and station equipment 
was studied and recommendations included continuity 
of ground wires to and over the station and reduction 
of line insulation near stations. 

The shielding of transformer windings was investi- 
gated and perfected. The first impulse test on a com- 
plete power transformer was made in 1930, inaugurat- 
ing a period of extensive investigation of transformer- 
insulation impulse strength and the actual commercial 
impulse testing of transformers. 

In 1934 the Laboratory came under the direction of 
K, B. McEachron, During the following years, he and 
his associates succeeded in obtaining a rather complete 
picture of lightning-stroke characteristics by installing 
automatic oscillographs in the tower of the Empire 
State Building, with its high incidence of lightning 
strokes, supplemented by photographs taken of the 
same strokes from nearby tall buildings. Concurrently, 
and for comparison, photographs were taken from a 
glass-enclosed observatory in Pittsfield. These investi- 
gations gave the first proof of the continuing character 
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of the stroke current, confirmed the existence of mu’ 
tiple strokes, and resulted in considerable statistics 
material concerning lightning current wave shape, suc 
as front, rate of rise, tail, duration, and the charge 
conducted in a stroke. 

The destructive effects of lightning currents wer 
studied in the laboratory with the high-current gen 
erator developed in 1934. Evidence thus obtained fur 
nished valuable checks to oscillographic measurement 
on the Empire State Building. 

Transformers and other high-voltage apparatus ° wer 
further investigated as to stress distribution and break 
down strength of the complete units and their com 
ponent parts. New methods of detecting failures wer 
developed, resulting in stricter requirements for desig: 
and manufacturing methods. The extension of impuls 
testing to steep-front waves required the developmen 
of new measuring methods and disclosed certain law 
governing sparkover of air in the nonuniform field. 


The emphasis of high-voltage research and develop 
ment during the Laboratory’s existence thus shifte: 
from alternating-current phenomena to work witl 
impulses, as the importance of lightning and othe 
surges on insulation practices became more clearh 
recognized. 


THE NEw LABORATORY 


The apparatus built in the Transformer and Allie 
Product Divisions of the Apparatus Department of th 
General Electric Company can be generally classified a 
high-voltage equipment. The variety in lines is great— 
comprising power, instrument, and distribution trans 
formers, bushings, fuses, capacitors, cable accessories 
lightning arresters, cutouts, and voltage regulators 
Likewise, the equipment ranges in rated voltage from : 


High Bay test areas. View from the crane platform, showing the two 
5100-kv impulse generators. Large 50 -ft roll door at right 
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few hundred to several hundred thousand volts. The 
demand for developmental work from the various Line 
Divisions consequently is great. To satisfy this demand 
and to have sufficient facilities for basic studies of 
sparkover and breakdown phenomena, it was necessary 
to greatly enlarge-the existing facilities. 


THE BUILDING 


The building is of steel-frame construction, with 
double steel walls insulated with a 114-in. layer of 
glass wool. The wall panels are welded to the frame, 
thereby providing electrical shielding. The shielding is 
completed by a steel reinforcing grid which is in the 
concrete floor and welded to the building steel. 

Two adjoining buildings—the High Bay and the Low 
Bay—provide a combined floor space of 51,000 sq ft., 
as shown in the accompanying laboratory floor plan. 
The High Bay is a single room having the dimensions 


A 1 % ene 
: A 50-ft spark discharge between the two 5100-kv impulse generators. 
- Another view is shown on the front cover 


Z given in Table I. Except for two observation windows, 
it has no windows in the outside walls. Their absence 
facilitates darkening the room for corona observations. 
The large clear space is required to obtain strike clear- 
ance for the extremely high alternating current and 
impulse voltages which can be developed by the testing 
equipment. 

__ The Low Bay is divided into three parts: a large test 
hall about 84 ft square extending to the roof, a motor- 
generator room, and an air-conditioned room extending 
over two floors, and a three-floor office area. The entire 
third floor is used for lightning arrester development. 

The air-conditioned room is insulated by means of 
multiple layers of sheet aluminum, with air space be- 


The portable 5100-kv impulse generator in the outdoor test area dis- 
charging a 25-ft spark to the laboratory line 


The motor-generator room is separated from the 
remainder of the building by a double wall and three 
feet of air space to minimize the transfer of noise. 


SERVICES 


The electric-power supply is obtained from the 13.8- 
kv Works distribution system through Pyranol in- 
sulated transformers that have a total rated capacity 
of 4300 kva and that are installed outdoors. Lighting 
and utility power is distributed at 440 volts and stepped 
down to 115/230 volts by dry-type transformers at 
load centers. 

Test power for alternating-current high-voltage tests 
is supplied by three generators: one 1000-kva generator 
and two 500-kva generators. Two 500-kw 500-volt 
direct-current generators are also available. 


HEATING 


Steam is supplied to the building at 125 lb per sq in. 
pressure and distributed at 25 lb pressure. To minimize 
air currents, radiant heat is used in the High Bay in 
the form of 12,000 linear feet of 114-in. wrought-iron 
pipes, 12 in. on center and buried in the concrete floor 
slab, 4144-in. below the surface. The system provides 
70 F within the building for an outside temperature of 


TABLE I 


DIMENSIONS OF THE NEW 
HIGH VOLTAGE ENGINEERING LABORATORY 


: tween layers. Floor construction consists of eight tbe i. 
inches of concrete for a base, suitable insulating ma- Building Building 

terials, sand fill, and a nine-inch top layer of concrete. — eee a 
-Refrigerator-type doors are provided for access and sae pee ae ye 
large Thermopane windows serve for observation. The eee z ae ea 
air-conditioning equipment is designed to provide a Beige AO tots ae es 

2 temperature range between 0 F and 100 F with a wide gor ace 16,000 sq ft 35,000 sq ft 
range of humidity control. 
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0 F. For stand-by purposes and extreme weather, con- 
ventional fin-type radiators and unit heaters are avail- 
able. 

The Low Bay is equipped with only fin-type radiators 
and unit heaters. 

Filtered-air intakes and roof-exhaust ventilators are 
used in the large areas. Inside rooms are connected to a 
separate exhaust system. 


CRANES 

The High Bay is serviced by a 25-ton crane, with 
access by a small elevator because of the high elevation 
of 65 ft. A 10-ton crane is available in the Low Bay 
test area, and also services platforms on the second and 
third-floor levels. Several jib cranes and small floor- 
operated cranes service the High Bay, the air-condi- 
tioned room, and the mechanical workshop. Equipment 
too heavy to move by crane is brought in by drop-frame 
trailer and tested directly on the trailer. 


TEST EQUIPMENT 


The primary purpose of the Laboratory is to conduct 
development and research work on apparatus used for 
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View of test areas in Low Bay. Right 
foreground shows a-c and impulse 
controls and cathode-ray oscillo- 
graph. The high-current surge gen- 
erator, capable of delivering 260,000 
amp peak current, is located in the 
background 


Another view of test areas in Low 
Bay. A 600-kv impulse generator is 
shown in the large area at the left 
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power transmission and distribution. This requires 
knowledge of the effects of normal-frequency voltages 
and of transient voltages produced principally by 
lightning. 

_ The two essential types of equipment needed for in- 
vestigation therefore are: (1) impulse generators, to 
study the effects of lightning under controlled condi- 
tions; and (2) alternating-current testing transformers, 
to study the effect of normal overvoltages. 

In many cases it is necessary to study the effects of 
both these types of overvoltages. Therefore, six of the 
nine test areas are equipped with impulse generators 
and alternating-current testing transformers. The two 
large test areas in the High Bay contain one 5100-kv 
impulse generator each. These can produce a peak volt- 

age of 7500 kv to ground at a current of 33,000 amp 


View in the motor-generator room 


when operated individually, or 66,000 amp when con- 
nected in parallel. When the generators are charged to 
opposite polarities, a gap of 55 ft can be sparked over 
between them. 

These generators are of the same type as used in 
Steinmetz Hall at the New York World’s Fair, using 


A 750-kv impulse generator and a 
300-kv testing transformer in the air- 
conditioned room 
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tub-type capacitors each rated 100 kv, 0.33 microfarad. 
The height of the generators is 44 ft and a clearance to 
ground between 31 and 33 ft is needed to confine the 
discharge to a predetermined path. The charging volt- 
age of the generators is 300 kv. 


Three 350-kv 1000-kva testing transformers con- 
nected in cascade can deliver 1050 kv (rms) to ground 
in one area. Two similarly connected units permit tests 
up to 700 kv (rms) in the second area. By connecting 
all five units in cascade, it-will be possible to sustain 
1750 kv (rms) to ground. The other four smaller im- 
pulse generators range from 200 kv to 1200 kv, with 
alternating-current test voltages ranging between 100 
kv and 300 kv. This permits a wide range of tests to 
be applied without rearranging the test equipment. 


A surge-current generator is available capable of 
producing 260,000 amp at 50, 100, or 150 kv. 

All surge measurements are made with hot-cathode 
type of cathode-ray oscillographs. Two of these are of 
special construction, containing two cathode-ray tubes 
for simultaneous recording of two transients. Thirty- 
five-millimeter cameras are used to photograph the 
screen of the tubes for permanent records. 


For the study of gases under pressure or in vacuum, 
a large 200-psi pressure tank is available for testing 
samples up to the 115-kv voltage class. 


Humidity control is available not only in the air- 
conditioned room but the entire High Bay is equipped 
to increase the moisture content of the air in the room. 


To study the effect of rain on flashover of apparatus, 
water of specified resistance is supplied to all areas. The 
correct resistance of the water is obtained automatically 
through an electronically controlled mixing device. 

In many cases it is important to know the distribu- 
tion of stresses in apparatus. Several transient analy- 
zers, which are miniature impulse generators, are 
available to measure voltage distribution in windings, 
transfer of voltages between windings, and for transient 
studies of networks. 


(Concluded on next page) 
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“PRECISION ENGINEERING 


Strip wire, and slip AMP PRE- 
INSULATED* terminal over end. 


Crimp with AMP hand, 
foot, or power tool. 


RESULT: A 
completely in- 
sulated connec- 

tion which has 
superior me- 
chanical and 
electrical proper- 
ties, supports the 
wire insulation, and 
costs less to instail! 


No tape, no insulation tubing. INSULATED CONNECTIONS com- 
pletely and perfectly made in 3 easy steps! *AMP PRE-INSULATED 
terminals have a special plastic sleeve bonded to the terminal 
barrel—it cannot slip or be removed. Available for every need— 
color coded in wire size range # 22-10. 
AIRCRAFT-MARINE PRODUCTS INC. 
1312 N. FOURTH STREET, HARRISBURG, PA. 

Sole Canadian Representative: F. Manley & Sons, Ltd., Toronto, Ont., Canada 
*AMP trade mark Reg. U. S. Pat. Off. 


APPLIED TO THE END OF A WIRE” 
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NEW HIGH-VOLTAGE ENGINEERING LABORATORY — 


(Continued from preceding page) 


OUTDOOR TEST AREA 

Several means are provided to conduct tests outdoors 
in an area of 7200 sq ft. One of the 5100-kv impulse 
generators with its charging equipment is mounted on a 
low flatcar and can be moved outdoors through a 50- 
foot-high roll-type door. 

One 161-kv and two 15-kv wall bushings permit 
electrical interconnection between the outdoor test area 
and the High Bay. 

The outdoor test area is serviced by a two-mile 
laboratory transmission line. This permits studies of 
direct-stroke and traveling-wave phenomena at volt- 
ages comparable to those encountered in service. 


OTHER EQUIPMENT 

Sphere gaps ranging between 614 cm and 200 cm are 
available for voltage measurement. Resistance dividers 
and a special shielded resistance divider are used for 
impulse measurements. 

Special high-speed and other cameras are in use for 
the study of lightning, sparks, and arcs, as well as 
numerous automatic high-speed and low-speed oscillo- 
graphs for the study of lightning and other random 
transient phenomena. 

Auxiliary measuring equipment too numerous to 
mention is available to measure quantities needed to 
determine proper operation of equipment and to deter- 
mine the performance of equipment under test. 


CONCLUSIONS 


In the new Laboratory the most modern testing 
equipment has been brought together. The range and 


quantity of this equipment will permit simultaneous | 


work on many research and developmental projects 
with greater accuracy, in a shorter time, and over an 
extremely large range of test voltages. 

These facilities, unparalleled in industry, will act 
as a powerful force in the continuing drive to improve 
the products while at the same time reducing consumer 
costs. Through the scientific use of this Laboratory, still 
more meaning will be given to the slogan: ‘‘You can 
put your confidence in General Electric.’’ 
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Who Doesn’t Want Profits? 


NOT THE FACTORY OWNER 


Profits keep his plant going 
and his workers employed. 


NOT THE WAGE EARNER 


Profits keep his wages up and 
his standard of living high. 


ting 10M only one 
democravle 


NOT THE INVESTOR 


Profits are his induce- 
ment to risk his savings. 
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NOT OUR GOVERNMENT 


Profits are a sizable source 
of state and federal taxes. 


MANUFACTURERS OF ELECTRONIC DEVICES AND SHEET METAL FABRICATION 
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PERMANENT MAGNETS IN DRAG DEVICES 
AND TORQUE-TRANSMITTING COUPLINGS 


How the characteristics of permanent magnets are utilized to 
advantage in those applications, some of which are relatively 
new. Calculation of the magnetic and force relationships 


By R. J. PARKER 


Metallurgical Products Engineering, Chemical Department 


General Electric Company 


HE increased efficiency of permanent-magnet ma- 
terials has made possible many useful applica- 
tions in drag devices and torque transmitting couplings. 
In this article that describes the basic devices and 
compares their operating characteristics is included also 
a brief analysis of the magnetic circuit used in each 
type of device. Particular consideration is given to 
the efficient utilization of permanent-magnet materials. 
Permanent magnets are used in four principal types 
of torque-transmitting devices: 


(a). Eddy current 

(b). Hysteresis 

(c). Iron-oil magnetic couplings 

(d). Salient-pole synchronous couplings. 


The eddy-current and salient-pole synchronous cou- 
plings have been used extensively for many years. Later, 
applications of the hysteresis principle have become 
popular. Still more recently, the iron-oil magnetic- 
friction type of coupling has come to the attention of 
designers, and it appears that permanent magnets can 
be used to good advantage in this type of device where 
remote electrical control possibilities are not indis- 
pensable. In Fic. 1 is a graph showing the torque-slip 
characteristics resulting from the four basic types of 
couplings. It should be noted at this point that the 
synchronous-type coupling does not transmit torque 
under slip conditions. 


IRON AND OIL 
FRICTION 


TORQUE 


EDDY CURRENT 


SYNCHRONOUS 


HYSTERESIS 


SLIP SPEED OF TORQUE 
TRANSMITTER 


Fig. 1. Theoretical characteristics of basic torque-transmitting 
devices. (The synchronous type does not transmit torque under slip 
conditions) 
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EDDY-CURRENT DEVICE 

Referring to Fic. 1, it will be seen that the eddy- 
current device has essentially a straight-line torque- 
speed characteristic, with the torque increasing linearly 
with the speed by virtue of the fact that the induced 
currents vary in magnitude with the speed of the rotat- 
ing field. This basic characteristic is extremely useful in 
damping movements, since a restoring force propor- 
tional to the speed is obtained. Tachometers and 
speedometers, such as the one shown in FIG. 2, are 
popular applications of the eddy-current principle. 

Fic. 3(a) shows a magnet pole and conducting 
medium with the paths of induced currents. Suppose 
the conducting plate is moved to the right; electro- 


Fig. 2. The driving permanent magnet and the driven eddy-current 
cup of an automobile speedometer, together with the speedometer 
shown complete 


magnetic poles are induced due to current flowing as 
shown. These induced poles have such polarities that 
their reaction with the permanent magnet poles pro+ 
duces a retarding force. The torque developed is 
dependent upon the magnitude of the induced currents 
which, in turn, are dependent upon the voltage induced 
and the resistance of the path. 
The basic torque, in dyne-cm, is given by the formula: 
T=¢’a? X w/1000 A 6 p 
where ¢ =Total flux at magnet pole (lines) 
X = Disk thickness (cm) 
a =Length torque arm (cm) 
w =Angular velocity (rad./sec) 
A =Area magnet pole 
6 =Variable coefficient depending on complete- 
ness of eddy-current paths 
p =Resistivity of disk (microhm-cm). 
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Inspection of the torque equation shows that T is 
oroportional to ¢?X. Since ¢? is dependent on the air 
zap, which is in turn determined by X when there is an 
ron return path for the flux, it appears that there must 
9¢ some optimum relationship to govern the selection 


DRAG CUP 
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STEEL RING 
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TOTAL CLEARANCE=6-X We UTS 


(b) 


Fig. 3. Elementary diagram (a) showing how eddy currents are set up in 
a metallic material moving with respect to an adjacent magnet; and (b) some 
of the design considerations in practical application of that principle 


a X. Referring to Fic. 3(b), let G equal the total gap 
at one end of the magnet. Let M equal the air part. 


Then G=M+xX 


Since ¢ diminishes linearly as 
nereases over a small range, 


T « @XandT « X/G 


Then T « (G—M)/G@ « (1/G) —(M/G*) 
Differentiating T with respect to G 
dT /dG = (1/G?) + (2M /G*) =0 


the gap length 


Fig. 4. Hysteresis torque unit for control of tension in textile 
applications. Shown removed, and at the right, is the magnetic 

shunting device. The thread or yarn, not shown, passes part way 
around the periphery of the spoked-pulley element 


‘ig. 5. Diagram (a) illustrates the 

lements of a practical form of 

ysteresis drag device. (For clarity , 
he elements are shown separated.) 

n (b) is shown the hysteresis cycle 

¢ the rotor magnet 
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or G=2M for maximum torque 
Since G=M+xX 
2M—-M—xX=0 
M—X=0 


M=X for maximum torque 


In the eddy-current design, the mechanical clearance 
M should be made the minimum necessary and the 
eddy-current material thickness should be made equal 
to M. 


HYSTERESIS DEVICES 


In hysteresis drag devices the constant-torque char- 
acteristic is obtained by virtue of the fact that the work 
done per revolution is constant and independent of 
time. The textile and wire industries are particularly 
interested in utilizing applications of this principle. 
In such applications, a thread or wire is passed over a 
pulley attached to one of these devices. The device then 
acts as a tension control and the thread or wire is held 
closely to the desired tension regardless of variations in 
the speed of the winding equipment. 


A hysteresis device developed for the textile industries 
is shown in Fic. 4 with the flux-shunting cap separate. 
This device produces approximately 0.5 in.-oz torque. 
Basically such devices consist of a rotor of hysteresis 
material and a magnetizing stator magnet—and for an 
adjustable-torque device some means of control. To 
gain magnetic efficiency, areturn path is also provided 
for the magnetic flux threading through the hysteresis 
ring. Fic. 5(a) shows an exploded-view drawing of the 


device and Fic. 5(b) the hysteresis curve of the rotor 


material. 


To understand the operation of the hysteresis type of 
device, refer again to Fic. 5 and follow the magnetic 
experiences of a small element of the hysteresis ring as 
it is rotated through 360 deg. At position / in Fic. 5(a), 
the element is directly under one pole of the stator 
magnet, which condition corresponds to point / on the 
hysteresis curve. By turning the rotor 90 deg with 
respect to the stator bar magnet, the magnetic induc- 
tion drops to point 2 on the curve. Due to the heavy 
self-demagnetizing effect on the ring itself (induced 
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poles very close together), the element remains at this 
low value of induction until it goes under the other pole 
of the stator magnet, at point 3. The next 180 deg of 
rotation carry the element through the symmetrical 
third and fourth quadrants of the hysteresis loop. The 
loop area represents energy loss due to work done on the 
magnetic material, which manifests itself as heat 
radiating from the ring. The energy has been supplied 
by mechanical input. 

The expression for hysteresis torque will now be 
developed and it will show that the torque is independ- 
ent of speed. 

Each particle of the ring-shaped rotor magnet will be 
carried through a complete hysteresis cycle by each pair 
of poles P on the stator. Energy equal to the area of 
the hysteresis loop of the rotor material will be released 
in the form of heat. This is work done on the internal 
structure of the ring material. Each part of the ring is 
subjected to the same loss. For a given volume V of 
ring in cm’, and for a material having energy loss Ea 

af o 
al HdB, the energy 
loss per revolution will be EnxVP joules. When the 
ring is turning at N revolutions/minute, the total 
energy loss will be ExV PN joules /minute. 


Since 1.356 joules = 1 ft-lb, and 33,000 ft-lb/min. =1 HP 


HP=E,V PN /(1.356 X33,000) 
=2.24 ExVPN X107°5 
HP =22TN/33,000 
(in which T = Torque in ft-lb). 
Equating these two expressions for horsepower, 

2rTN /33,000 =2.24 ExVPN X10 

Solving for torque, 

f=11.75 E,VPX10~ ft-lb. 


in joules/cm*/cycle equal to 


In Fic. 6 is shown the value of rotor loss plotted 
against magnetizing force for various commercially 
available permanent-magnet materials. The superiority 
of alnico 5 and 6 is shown. For economical use of 
magnetizing force it appears desirable to operate alnico 
5 at approximately 0.20 joules/cm*/cycle. In conjunc- 
tion with selecting the proper value of magnetizing 
force, another important consideration in a practical 
circuit must be given attention. In Fic. 7(a) are shown 
an alnico 5 stator magnet and an element from a 
hysteresis ring. Initially the magnetizing force of the 
gap (H,) before inserting the ring element is found to be 
3800 oersteds. Upon inserting the ring element the 
magnetizing force drops to a very much lower value 
(H-in Fic. 7(b)), approximately 600 oersteds. This drop 
is due to the free-pole demagnetizing effect of the ring- 
magnet element (Hs) which is present because of the 
reluctance of small series gaps, and also due to the high- 
reluctance path afforded by the alnico 5 stator magnet. 

For those reasons, shown graphically in Fic. 7(b), 
in practical designs magnetizing forces of 6 to 8 times 
the net effective magnetizing force required (H-) must 
be obtainable from the stator assembly. The net effec- 
tive magnetizing force is the value arrived at by con- 
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Fig. 6. Hysteresis-loss vs. magnetizing-force curves of various 


permanent-magnet materials. The superiority of alnico 5 and 6 for 
drag and torque-transmitting devices is indicated 
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Fig. 7. Sketch (a) represents the stator magnet of a hysteresis 
device and an element of the hysteresis ring. Diagram (b) shows the 
corresponding magnetizing force and induction relationships 


sulting the curves in Fic. 6. The demagnetizing effect, 
or the slope of the effective air-gap line in Fic. 7(b), can 
be estimated by careful analysis of the magnetic circuit 
or by magnetic measurements on a model of the device. 
The value of H, can be found graphically by laying off 
a line parallel to the air-gap line through the point on 
the hysteresis curve where it is desired to work. 

In the hysteresis device one has a choice of varying 
the stator air-gap or of shunting flux from the hysteresis 
ring to control the magnitude of torque. Fic. 5 illus- 
trates the latter method of control, in which rotating 
the control shunt from zero to 90 deg with respect to 
the bar stator magnet forces the effective H in the air- 
gap from H, to H,;. Approximately 50 percent change 
in torque results. 

Fic. 8 shows a 100-in.-oz hysteresis device originally 
developed for the wire industries. Here, another method 
of adjustment was employed. The bar magnets at the 
sides of the ring, when placed together with additive 
polarities, form the magnetizing circuit and produce a 
given magnetizing force in the ring material. Now if one 
bar is rotated slightly with respect to the other, the 
air gap is effectively increased and the magnetizing 
force is at an angle with respect to the axis of the 
hysteresis ring. The latter effect contributes to the 
adjustment, since the alnico 5 ring material develops 
its maximum hysteresis loss when magnetized in the 
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7 

direction parallel to its axis, because the ring was heat 
treated in a magnetizing field parallel to its axis, Using 
this method of adjustment, 90 deg rotation of one bar 

with respect to the other gives approximately a 2 to 1 

variation in torque. 

Referring back to the basic equation for torque, it is 
| possible to use many pairs of poles and greatly increase 
the output. However, multiple-stator structures tend 

to be less efficient in the higher-energy, directional, 
-permanent-magnet alloys. It is necessary to preserve a 
‘minimum length to pole-area ratio if the density level 


in the device. This problem is accentuated by the high 
effectiveness of these devices which makes it possible for 
units of extremely small size to handle several horse- 
power. For this reason the iron-oil device is not at present . 
suitable as a drag device—that is, for applications where 
it is necessary that the rotor slip continuously. However, 
these devices can be used in applications where the 
slip is intermittent and of short duration. 

From the magnetic device design point of view, iron- 
oil fluid couplings are relatively simple and it has been 


of the stator is to be at an efficient value. Multiple-pole 
structures tend to become expensive to manufacture 
because of the more elaborate heat treating and mag- 
netizing equipment. However, in space-limited designs 
they can often be used to advantage. 


Fig. 8. At the left, 
a 100-in.-oz hyster- 
esis drag device as 
developed for con- 
trolling tension; 
and at the right, 
the components of 
the device 


Be 


-IRON-OIL MAGNETIC COUPLINGS 


The recent popularity of the iron-oil magnetic- 
friction coupling has opened up a new field for per- 
manent magnets. Most of the published descriptions of 
this type of device have shown an electromagnet as a 
‘means of supplying and varying the flux density through 
the gap. However, a permanent magnet can be used to 
‘good advantage in many applications, particularly 
those where the coupling is called upon to slip at a 
given torque value and the control feature offered by an 
electromagnet is not required. For devices of this nature, 
it is obvious that a permanent magnet has many 
inherent advantages over an electromagnet. Such a 
‘device is shown in Fic. 9, where the pinion is a magnetic 
return path for the flux emanating from a two-pole 
alnico rotor. In this device, axial slots in the inner 
surface hold a reservoir of iron-and-oil mix which is 
uniformly wiped into the small air-gap as the device slips. 

Even in applications where torque adjustment is a 
necessity, permanent magnets may be employed by 
using an adjustable shunt or by so moving the air-gap 
that the flux density in the working air-gap is changed. 
- The present problems in applying these iron-oil 
devices are sealing the mixture and protecting the bear- 
ings. Conventional bearing seals are not completely 
effective against the fine iron powder used. Magnetic 
traps, which take the form of a permanent magnet with 
pole pieces directly adjacent to the bearing, have been 
used with some success in preventing the migration of 
iron particles along the shaft and into the bearing. 
Another important problem to be considered in apply- 
ing this type of coupling is the one of temperature rise 
September, 1949 
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found for all practical purposes that the torque de- 
veloped is directly proportional to the magnetic-flux 
density in the working gap and to the effective area of 
the gap through which the flux passes. Since this is 
fundamentally a friction device, the magnetic-flux den- 
sity controls the coefficient of friction between the 


working surfaces. As a rule of thumb, approximately 
10 pounds of force can be developed per square inch if 
the flux density is 50,000 lines per square inch. The 
torque-speed characteristic under slip conditions is 
essentially constant. 


SALIENT-POLE SYNCHRONOUS COUPLINGS 


Salient-pole synchronous couplings, such as are com- 
monly used in flowmeters, pumps, and in general 
wherever it is desired to transmit motion to a sealed 
unit, have been successfully used for many years. 

Such an application is shown in Fic. 10. In this type 
of synchronous drive a displacement between the 
driven member and the output member is necessary for 
torque to be developed. If the torque capacity of the 
coupling is exceeded, one member will slip with respect 
to the other and the torque will drop to zero as was 
indicated in Frc. 1. The output member will not again 
pick up until the driven member is stopped or reduced 
to a very low speed. 


Fig. 9. A pinion that contains a permanent-magnet iron-oil coupling 
device and acts as the return path of the magnetism 
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To understand the fundamental principles involved, 
consider the energy relationships between the bar 
magnet and the follower in Fic. 11(a). First note that 
the steel follower is displaced 25 deg with respect to the 
magnet, and that the bar magnet has been fully mag- 
netized and is operating at point A on its demagnetiza- 
tion characteristic, shown in Fic. 11(b). 


ZL 


oTain 


Fig. 10. Cross-section of a salient-pole synchronous-type coupling, 
utilizing permanent magnets. Synchronous couplings are applicable to 
drives where slipping is not required 


TANGENTIAL FORCE (DYNES) 


STEEL FOLLOWER 


(a) 


OERSTED 


(b) 


wn 
=<. 


The rectangular area AMON is proportional to the 
external-field energy produced by the bar magnet. Line 
OA is determined by the geometry of the bar, and in 
the interests of efficiency this geometry should be so 
chosen that the rectangle will have maximum area. 
This insures having maximum field energy available 
with minimum magnet volume. 

If the steel follower member is now allowed to align 
itself with the magnet, the free-pole demagnetizing 
influence will be removed and the operating state of 
the bar magnet will shift along to point C, Fic. 11(b). 
The external magnetic-field energy is thus convertedinto 
mechanical work, and a tangential force acting between 
follower and magnet is present whenever one attempts 
to displace the follower from the axis of the magnet. 


The area ACON represents the magnetic-field 
energy released for doing mechanical work for each 
cubic centimeter of permanent-magnet material, and 
this field energy in gauss-oersted units can be converted 
into mechanical-unit dyne-centimeters or ergs by multi- 
plying by 872, the conversion constant. With the 
geometry represented in Fic. 11, maximum torque is 
developed at a displacement of about 25 deg. A typical 
force-displacement curve is shown in Fic. 11(c). The 
area under this curve represents mechanical work done. 
To determine the maximum torque developed by such a 
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inating 


system, first find the change in total field energy ry} 
multiplying the area ACON in gauss-oersted units by} 
the volume in cubic centimeters, and dividing by 87. 
Knowing that the maximum torque will occur at approxi- 
mately 25 deg, and assuming that all magnetic-field: 
energy relinquished has been transformed into useful 
mechanical work, as represented by area OXY, one can 
solve for the maximum tangential force by the following; 
fundamental equations. (Only a small error will result! 
from assuming OXY to be triangular for bar magnets.) 


Area ACON (in gauss-oersteds) X Volume (in cm*) /8m 
=Area OXY 
=F ,,q, (in dynes) X Doy (in cm) /2 

where D,,=% length bar X sin 25° 

F max (in dynes) =2 X Area OXY (in ergs) /Doy (in cm). 


While this method is based on several assumptions” it! 
has the merits of providing an approximate solution to. 
a different field problem and of showing the funda- 
mental energy transformations involved. 

Fic. 12 shows a torque-measuring stand and several 
permanent magnets suitable for torque transmission. 


Fig. 11. Elementary diagrams (a) of 
salient-pole synchronous coupling; (b) 
magnetization characteristics of the cou- 
pling; and (c) force-distance characteristic 


© DISTANCE =(4>BAR LENGTH) (SINE ANGLE) 


(IN CM) 


(c) 


Fig. 12. Torque-measuring stand and auxiliaries used in developing 
and testing drag and torque-transmitting devices, together with some of 
the forms of permanent magnets employed in those devices 


Multiple-pole couplings and couplings involving mag- 
nets for both driver and follower unit are used ex- 
tensively. 


In selecting a coupling device for a given application, 
such factors as period of slip, range of adjustment, and 
torque characteristics desired will influence the selec- 
tion of a particular device. 


* One of the more basic assumptions is that the magnet is in a stabilized 
condition, which makes possible the equating of mechanical energy to external 
field energy without being concerned with energy loss due to changing internal 
structure of the magnet. ; 
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ENGINE-DRIVEN GENERATORS 


The application and design of generators to be driven by 
internal-combustion engines. Features of generator con- 
struction, selection of generator, standardization, types 
of mounting, torsional vibration, and parallel operation 


By D. W. CLUGSTON 


Large Motor and Generator Engineering Division 
Fort Wayne Works, General Electric Company 


LTERNATING-CURRENT power for many 
applications today is obtained by the use of 
engine (diesel, gas, or gasoline) generator sets. Modern 
living and modern industrial methods are demanding 
more and more sources of electric power. The develop- 
ment and application of the diesel engine as a prime 
mover has been very rapid over the past few decades 
because of its high efficiency and low-cost operation. 
These factors, coupled with the relatively low initial 
cost, have resulted in an ever-increasing demand for 
engine-generator sets. 


STATIONARY OR PORTABLE SETS 

_ Depending upon their applications, engine-generator 
sets are designed for stationary or for portable use. 
Large and medium-sized sets for permanent installa- 
tions may be classified as ‘‘stationary”’ and are usually 
emplaced on concrete foundations. Small and some 
medium-sized sets are generally ‘‘portable’ in that 
both the engine and the generator are mounted on a 
common steel base or skid. 


APPLICATIONS 


4 Listed here are some of the applications of engine- 
generator sets. Although their purpose in most cases is 
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to furnish a standby or emergency source of power, 
very often they are required for primary, or continuous 
service: 


Airports 
Construction Projects 
Factories 

Farms 

Filling Stations 
Flood-control Stations 
Food-canning Plants 
Golf Courses 
Hatcheries 

Hospitals 

Hotels 

Ice Plants 

Laundries 

Lumber Camps 
Marine 


Mining Operations 
Municipal Power 
Nurseries 

Office Buildings 

Oil Wells 

Quarries 

Radio Stations 
Railways 

REA Projects 
Refineries 
Refrigeration Plants 
River Locks 

Schools 

Shipyards 
Telephone Exchanges 


From this list it can be seen that a relatively small 


‘ portable set may be used by a hospital, telephone ex- 
change, or farm for standby or emergency use, and a 
large stationary set by a municipality or REA project 
as a primary source of power. Furthermore, in isolated 
locations such as lumber camps or flood-control pump- 
ing stations, a small or medium-sized portable set may 
be required. 
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Stationary 200-kw engine-generator set emplaced on a concrete founda- 
tion, with single-bearing generator and rigid coupling 


STANDARDIZATION 

Engine-driven generator sets are for the most part 
sold by the engine manufacturer or by a specialized 
set builder. In either instance the engine or set builder 
obtains his generator from a manufacturer who special- 
izes in the construction of rotating electric machinery. 
For any one engine there is a multiplicity of sizes and 
shapes of generators which may be required, because 
of the many variables affecting the generator, such as 
voltage, speed, number of phases, power factor, method 
of cooling, mechanical adaptation. Thus the initial 
application of any generator to an engine requires 
exacting co-ordination of design between the generator 
manufacturer and the engine builder in regard to 
mounting and assembling dimensions and coupling. 

As yet there is no standardization of mounting and 
assembly dimensions for engines among the engine 
builders themselves; neither have the generator manu- 
facturers established standardized outline dimensions 
for a-c engine-driven generators. This has often resulted 
in the manufacture of individual generators to suit the 
design requirements of the engine builder, which has, 
in turn, resulted in the production of many unrelated 
designs for the engine trade. In the past, the lack of 
any published standard engine-driven generator lines 
by generator manufacturers has accentuated the 
natural desire of each engine builder to ask for the 
production of generators that are so designed as to 
require the least number of changes to suit his standard 
line of engines. This procedure has resulted in expensive 
construction, in extra effort and time required in the 
factory, in longer shipment, and in some disruption of 
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the factory load of standard generators being produced’ 
for other customers. Furthermore, there have been 
cases in which engine builders have demanded special 
constructions reducing generator ventilation to such: 
an extent that the generator design was restricted. A) 
standardized line of engine-driven generators is desir-. 
able for the following reasons: 


(a). To uphold the quality of the product. 

(b). To provide the customer with the benefits of 
lower cost and shorter shipment. 

(c). To be able to supply an increasing quantity as. 
demanded by the market. 

(d). To have pertinent data available in the hands 
of the sales organizations. 

(ec). To accomplish the maximum consistency in the 
product manufactured. 


Most of the principal generator manufacturers have 
published lines of engine generators. These lines have 
been established with sufficient design flexibility to 
permit incorporation of the usual modifications re- 
quired by engine builders. More standardization of 
generators, even industry-wide, in regard to such fac- 
tors as mounting dimensions, assembly dimensions, and 
coupling details will no doubt prove beneficial from an 
economic standpoint to the ultimate customer. How- 
ever, the adoption of standard lines by individual 
manufacturers will go a long way toward bringing about 
lower costs, shorter shipments, and higher quality. 


GENERATOR SELECTION 


When applying a generator to his set the engine 
builder is interested in obtaining a high-quality product 
at the lowest possible cost and the shortest shipment. 
These are the main economic factors upon which his 
reputation and share of available business depend. 
There are also many generator features and other 
factors which affect his selection of a generator. 


Application Information 


First, he must have available adequate applicatial 
information in the form of drawings, description, and 
construction or design details. From these aids and the 
advice of the generator manufacturer he can prepare 
his proposition quotations. For the orders he receive 
he must have final generator drawings from which t 
complete the details of the application. 


Appearance and Quality 


Appearance of the generator is of prime importance, 
since functional design involving smooth styling, or 
streamlining, is a definite trend in industrial machinery 
today. To insure ease of assembling the generator to the 
set, the engine builder wants a generator that has 
accurately machined dimensions, especially those 
which control the mounting and coupling alignment. 
Sturdy construction, with thick solid castings or strong, 
well-welded steel fabrications, is important because the 
generator must be able to withstand a reasonable 
amount of abuse and mishandling. The quality of the 
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set must not be hampered by inadequate insulation or 
loosely braced generator windings. 


Accessibility 


That his ultimate customer will be satisfied, the 
engine builder desires a generator with adequate 
accessibility to those parts requiring maintenance and 
with such features as convenient electrical connections, 
flexible leads, and large roomy conduit boxes. 


Modifications 


More and more it is found that engine builders ap- 
preciate the cost and delivery advantages of confining 
their orders to standard-engine-line generators; but 
there are still a considerable number who require 
modifications such as short foot heights, special mount- 
ing dimensions, special adaptors for engine-flywheel 
housings, special drilling and dimensions for forged- 
on half couplings, extra-long leads, and special sup- 
ports on the generator for engine parts. Such modifica- 
tions, especially on an initial order, consume the all- 
important factor ‘‘time,’’ and often result in a longer 
delivery promise. No doubt these modifications are 
dictated either by ultimate customer requirements or 
by exigencies of the particular engine design; as such, 
they must be recognized, and generator design must be 
adaptable. 


Rotor Construction 

When a generator is driven by an engine it is sub- 
jected to the high angular accelerations produced by 
the torque pulsations from the engine. These torque 
pulsations demand that the generator-rotor construc- 
‘tion be extremely sturdy—more so than would be 
required for the application of a generator to a turbine, 
motor, or waterwheel. Therefore the generator rotors 
must have high-strength steel shafts, strong fans, and 
well-braced windings. When poles or spiders are built 
up with steel laminations they must be securely riveted 
‘together; poles must be securely attached to spiders 


: Fig. 1. Bell-housing mounting with single-bearing generator and direct- 
connected exciter. The flexible-disk-type coupling is rigid torsionally but 
; provides for angular misalignment 
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(bolted or dovetailed); and spiders must be securely 
attached to the shafts (keyed and/or shrunk on), 


Design Flexibility 


It is not enough to build a sturdy rotor and say 
that it will be suitable for application to an engine- 
generator set. The natural frequency of the rotating 
elements must not be too close to any forced frequency 
produced by the engine; otherwise harmful torsional 
vibration will occur and catise eventual failure of the 
shaft or some other rotating part. Therefore, in order 
that a generator can be made to suit an engine applica- 
tion, its design should be made as flexible as possible 
in regard to the available shaft diameters and lengths; 
for by varying these dimensions the generator manu- 
facturer can usually arrive at the dimensions which 
will be torsionally satisfactory. 


MOUNTING 


Direct connection is made either by means of (1) 
bell-housing mounting (the generator frame and engine 
frame bolted together to form a structural member) or 
by (2) surveyor’s mounting (the engine and generator 
frames connected only through the base or foundation). 


Bell-housing Method (Fics. 1 and 2) 


With the bell-housing method of mounting, the gen- 
erator can be either single-bearing or two-bearing. 
Generally the coupling is rigid torsionally but must 
provide for some angular misalignment. In the case 
of a two-bearing generator, additional provision should 
be made for offset misalignment. The apparent mechan- 
ical advantages of the bell-housing method of mount- 
ing are threefold. First, no alignment is required— 
just straightforward assembly. Second, the engine- 
generator set can be supported at its mass axis— 
“floating power.’’ Third, the shortest over-all set 
length can be obtained. 

During the war many applications of generators to 
engines made use of the bell-housing method of mount- 


Fig. 2. Bell-housing mounting with two-bearing generator and a top- 
mounted belt-driven exciter. The coupling is flexible torsionally and also 
provides for both angular and offset misalignment 
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ing, thus realizing these advantages. Undoubtedly the 
fact that large numbers of identical machines were 
built at that time encouraged the use of the bell- 
housing method. However, this method is inflexible in 
that to apply generators of different ratings—conse- 


quently different frame sizes—to the same engine set, 


complete redesign of the set is often required. This in 
turn involves painstaking design co-ordination between 
engine builder and generator manufacturer, which 
tends to increase cost and lengthen shipment of the 
generator, so that today the bell-housing mounting is 
generally used only by those engine builders who have 
pre-established and engineered standard engine-gen- 
erator sets with various but definite output ratings. 


Surveyor’s Method (Fics. 3, 4, and 5) 


For the surveyor’s method of mounting, the genera- 
tor can also be single-bearing or two-bearing. Either of 
two types of couplings may be used with a single- 
bearing generator. The first is a rigid coupling (both 
torsionally and angularly), requiring very careful align- 
ment of generator and engine. The other type is a 
coupling which, while rigid torsionally, does provide 
flexibility for both angular and offset misalignment. 
It thus eliminates the difficult alignment task, because 
a small angular misalignment will not produce shaft 
deflection. A two-bearing generator, when used with 
the surveyor’s method, usually involves a coupling that 
provides for some angular and offset misalignment but 
at the same time is rigid torsionally. 

At the present time most engine-generator sets in 
the 5-to-75-kw range make use of a single-bearing 
generator with a self-supporting flexible-disk type of 
coupling and surveyor’s method of mounting. Occa- 
sionally a two-bearing generator with a flexible cou- 
pling and surveyor’s method of mounting is used. 

While some two-bearing generators are built in the 
range from 75 to 800 kw, by far the most popular 
application today involves the use of a single-bearing 
generator with forged-on half coupling integral with 
the shaft. This rigid type of coupling is used with the 
surveyor’s method of mounting and requires very 
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Fig. 3. Surveyor’s mounting with single-bearing generator and 
direct-connected exciter. The solid coupling is rigid torsionally and 
angularly, and requires careful alignment 


Fig. 4. Surveyor’s mounting with a two-bearing generator and a 
top-mounted belt-driven exciter. The flexible coupling is rigid tor- 
sionally but provides for both angular and offset misalignment 


careful alignment. Apparently this style is used because 
of the simplicity of the coupling arrangement. Applica- 
tion of a flexible type of coupling to the larger-sized 
generators introduces considerable coupling design 
problems and additional expense. 

The preceding two paragraphs generally apply to 
generators which are of bearing-bracket construction 
and have speeds of 500 rpm and above. These are built 
with shaft and bearings, and usually are equipped with 
a direct-connected overhung exciter or a top-mounted 
belt-driven exciter. 

Above 800 kw or at speeds below 500 rpm the genera- 
tors are generally single-bearing, with rigid coupling for 


Skid-mounted 500-kw_ engine-gen- 
erator set with single-bearing gen- 
erator and rigid coupling 
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surveyor’s method of mounting. In this class of genera- 
tors, since bracket-type bearings are not always avail- 
able, pedestal bearings are used. Shafts and bearings 
are often furnished by the engine builder instead of by 
the generator manufacturer. Frequently, especially on 
low-speed machines, direct-connected foot-mounted 
exciters are replaced by exciters that are belt-driven 
from a large sheave or pulley on the generator shaft. 
This materially reduces the required exciter size, since 
a higher exciter speed can be utilized. 


Fig. 5. Surveyor’s mounting with a 
pedestal-bearing generator and a 
_ direct-connected exciter. The solid 
| coupling is rigid torsionally and 
angularly, and requires careful align- 
ment 


TORSIONAL VIBRATION 


Today practically all applications of engine-genera- 
tors by engine builders involve a direct connection to a 
diesel engine. This makes necessary the design of a 
mass elastic system (crankshaft, flywheel, and generator 
‘shaft and rotor) whose torsional natural frequency will 
not be too close to any forced frequencies produced by the 
engine. Obviously, it is desirable toso design the mass elas- 
tic system that the natural frequency will be above any 
appreciable impulse frequency produced by the engine. 

Ordinarily the engine design is established, and the 
generator inertia (WK*)—being a function of machine 
‘size—is also rather well fixed, by the rating. Therefore, 
about all that can be changed are the generator-shaft 
diameter and length and the engine flywheel. Occasion- 
ally the maximum permissible change in these variables 
‘would not be enough to shift the natural frequency of 
the system sufficiently above the operating frequency, 
and in such instances resort is sometimes made to the 
use of couplings to provide damping or torsional flexi- 
bility. This is an exception, however, and in the vast 
majority of cases connection is made to the engine by 
one of the methods referred to earlier. 


Throughout the engine-manufacturing industry it is 
standard practice to so co-ordinate the assembly of the 
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engine and its driven equipment that there will be no 
harmful torsional vibration (20 percent. has been used 
by the engine industry) too near the normal operating 
speeds. Although engine-driven generators may be 
manufactured with such specific features as shrunk-on 
spiders, dynamically balanced rotors, specially de- 
signed high-strength steel shafts, strong fans, accurate 
machining, and well-braced windings to minimize the 
undesirable effects imposed by the torsional character- 
istics of the engines, the generator manufacturer cannot 
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assume responsibility for freeing the engine-generator 
sets from serious critical conditions. This is a respon- 
sibility which must rest with the engine manufacturer, 
because it is he who makes the study of the mass elastic 
constants of the complete engine-generator assembly. 

To enable the engine builder to carry out his respon-— 
sibilities on torsional factors, a shaft sketch or drawing 
showing distributed weights and WK? data for the 
generator rotor is usually prepared and submitted to 
the engine builder. 

The generator manufacturer should receive approval 
of these data from the engine builder before building 
the generator. The matter of torsional approval is 
extremely important for all engine-driven applications, 
because an engine-generator set operating at, or too 
close to, a critical speed is doomed to failure—a broken 
engine or generator shaft or excessive vibration, with 
all the possible complications that may arise. 


PARALLEL OPERATION 


When alternating-current generators of the synchro- 
nous type are operating in parallel they are held in 
synchronism with each other by an electric “coupling” 
that acts through the common bus and tends to hold 


(Concluded on next page) 
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(Continued from preceding page) 


the rotors of the various machines together in their 
rotation. This coupling is not rigid, and acts somewhat 
as though it contained a torsion spring. Thus the elec- 
trical system is equivalent to a mechanical system 
consisting of a number of rotating masses (inertia) 
connected to a common shaft (the bus bars) by tor- 
sionally flexible couplings. Such a system will have one 
or more natural frequencies of oscillation. If the torque 
impulses of an engine driving one of the generators has a 
Ward Leonard’s A S . > 
. frequency close to a natural frequency of the system, 
A. ¢. Magnetic Starters the system will oscillate and severe power pulsations 
Ease of inspection is one of the many features of Ward | may occur between the various generator units. This 
Leonard’s sizes 1, 2 and 3 across-the-line non-reversing may cause excessive heating of the generators and 
Ae poenetc TEARS sufficient voltage variation on the bus to produce 
Removing a single key permits the entire moving contact | i-kering of lamps on the power system. Such difficulty 
assembly to be withdrawn for inspection of all main silver : : «4. 
: , is avoided by providing the proper amount of flywheel 
contacts, both moving and stationary. See : é Sit 
effect (WK?) on the various units to limit the power 
pulsation to a safe value. 


inspect 


And it’s easier to replace main stationary contacts, too, 
due to the use of individual spring retaining clips. 


Write for Bulletin 4110. Ward Leonard Electric Co., 62 Since many of the factors which affect the parallel 
South Street, Mount Vernon, N. Y. Offices in principal cities | operation of generators are contained in the engine, 
of U. S. and Canada. and any additional flywheel effect necessary is usually 

furnished with the engine, it is the usual practice for 


WARD LEONARD ELECTRIC CO. the generator manufacturer to furnish the engine build- 
R eau - P= ngenerede Contiols er with such information as he may require, and for 
the engine builder then to assume responsibility for 
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NEW 


Mallory Spiral Inductuner* 
Gives Better Performance 
at Lower Costs! 


There are hundreds of thousands of Mallory Inductuners in 

Meteo nerol for cday veles use today—all giving trouble-free service. And now, the new 
tion and fine tuning of any tele- Mallory Spiral Inductuner is the biggest news in television for 
vision or FM channel. 

2. Excellent stability eliminates 
frequency drift. 

3. Supplied in three or four-sec- 


Outstanding Advantages 
of the new 
Mallory Spiral Inductuner: 


better performance and lower cost. 


You can eliminate many costly methods on your assembly 


tion designs. line with the new Mallory Spiral Inductuner. It permits faster 

4. F iet tion; : : . 

Pe naneicphionics. gator: [ree alignment and far simpler front end design and assembly 

5. Greater selectivity on high fre- than any other system. 
quency channels. 

6. Eliminates “bunching” of high The Mallory Spiral Inductuner provides for infinitely accurate 
band channels. Covers entire i ‘ : 
range in only six turns. selection from 54 to 216 megacycles ... gives FM tuning at 

7. Simplifies front end design and no extra cost! 
production. 

8. Reduces assembly costs. Check the advantages of the Mallory Spiral Inductuner. Im- 


prove the performance of your sets, and step ahead of com- 


*Reg. trade mark of P. R. Mallory & Co., Inc. petition at the same time at a cost that will surprise you. 


for inductance tuning devices covered by 


Mallory-Ware patents Get in touch with Mallory now for complete information. 
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Capacitors Rectifiers 


P.R. MALLORY & CO. Inc. \ 
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Controls Vibrators 
Power Supplies 


Resistance Welding Materials 
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ELECTRICAL TESTING 


OF CAPACITOR PAPER 


New test method shortens time required in acceptance and de- 
velopment testing of paper. Test data permit calculation of the 
change in power factor and dielectric constant on impregnation 


By HAROLD S. ENDICOTT 


Transformer and Allied Products Laboratory 
Pittsfield Works, General Electric Company 


APACITORS are being made in ever increasing 
quantities for a wide variety of applications. To 
insure satisfactory performance every material entering 
into their manufacture must undergo rigorous tests. 
This is especially true of the kraft paper usually used 
as the dielectric. 

Electrical tests can be made with the paper either 
impregnated or unimpregnated. For many years it was 
the practice to test a lot of paper by using it as the 
dielectric in sample capacitors which, after being 
vacuum-dried and impregnated, were subjected to 
various electrical tests. This procedure had the disad- 
vantage that the paper must be cut into rolls for wind- 
ing and involved considerable time in getting the 
capacitors wound and impregnated. There was also the 
possibility of introducing unknown variables by the 
vacuum treatment and by the impregnant. 

In power-factor measurements, these disadvantages 
are eliminated by making the tests on unimpregnated 
paper. By this method the paper is first vacuum-dried 
and its power factor then measured as a function of 
temperature without removing the sample from the 


Fig. 1. 
testing capacitor paper 


Sketch showing cut-away sections of the electrode set-up used in 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a group of full-size consecutive pages.—Ep1Tor 
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drying chamber. Some of the early data obtained in 
this way were reported in a REVIEW article. 4 

Power factor is used as the measure of the electrical 
quality of capacitor paper because the power factor of 
a capacitor represents the fraction of its kva rating 
which appears as heat, and heat is one of the chief 
limitations in the design of a-c capacitors. The relation 
between the power factor of the unimpregnated paper 
and that of the capacitor made from it has been estab- 
lished. 


APPARATUS 


The apparatus used in making power-factor tests on 
unimpregnated capacitor paper consists essentially of 
suitable electrodes, vacuum-drying chamber, and a 
sixty-cycle bridge for making the measurements. 

The material selected for the electrodes was Trodaloy. 
This was done in the belief that it would eliminate 
trouble experienced with brass in earlier work, due to 
warping during the repeated temperature cycles. It has 
proved entirely satisfactory. High thermal conductivity 
was also desired to maintain as nearly uniform a tem- 
perature as possible over the electrode area. It was 
thought that the electrode material, per se, would have 
no effect on the test results. Subsequent tests with 
platinum-plated and with chromium-plated electrodes 
confirmed this. Films found on the electrode surfaces 
after many tests are due to material distilled from the 
paper rather than to corrosion of the metal. 


Electrodes : 


The construction of the electrodes is shown by the 
sketch in Fic. 1 and by photograph in Fic. 2. Each 
set-up consists of three 1.950-in. diameter measuring 
electrodes and three 2.5-in. diameter high-voltage elec- 
trodes, permitting three samples to be dried and tested 
at one time. The measuring electrodes are insulated 
from the lower guard plate by sheets of mica about one 
or two mils thick and from the surrounding guard elec- 
trode by a four-mil air gap. The mica serves to raise the 
measuring electrodes above the guard so that the guard 
carries little of the weight of the high-voltage electrodes, 
thus reducing the weight required to obtain a pressure 
of 3 lb per sq in. on the sample. A 1%-in. hole is drilled 


(1) Numbered references are listed at the end of the article. ; 
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7 
rom the edge to the center of the guard plate to receive 
, thermocouple for temperature measurement. 


If the upper electrodes could be held above the 
amples during the drying period and lowered for the 
yower-factor measurements, moisture could be re- 
noved much faster than is possible for samples tightly 
eld between the electrodes. This would be perfectly 
atisfactory for paper one mil or more thick. However, 
inless it is dried under pressure, thin capacitor paper is 
listorted so much by drying that no reasonable elec- 
rode pressure during measurement will restore it to 
ts original smoothness. 


The drying rate can be considerably improved by 
lrilling a series of small holes through each upper elec- 
rode to facilitate the escape of moisture from the paper. 


Fig. 2. Disassembled test equipment. The electrodes (at right) have been 
removed to show their construction and the method of bringing leads into 
the test chamber 


These vents are 4-in. holes on 14-in. centers drilled 
i1early through the electrodes and 13-mil holes drilled 
she rest of the way through the surface. Slots are cut 
yn the back connecting the holes so that they will not 
ye blocked by the weight used to apply pressure (about 
shree pounds per square inch) to the sample. 


_ The whole electrode assembly is supported on three 
netal-to-glass sealed bushings which pass through a 
Jase plate (Fic. 2). Other bushings provide for the high- 
roltage and guard leads and for the thermocouple 
onnections. The thermocouple wires are continuous 
hrough the bushings to avoid any temperature errors 
it this point. Steel was originally used for the base 
slates but caused considerable trouble due to warping. 
Sast-iron plates were substituted for the steel and have 
een quite satisfactory. 


Vacuum Chamber | 
_A standard Pyrex desiccator is used as the vacuum 
hhamber. The seal between it and the base plate is 
nade very simply by placing a length of 0.012-in. fuse 
vire, lightly coated with silicone grease, around the 
yase of the desiccator and overlapping the ends. The 
‘ease serves to hold the wire in place while the desic- 
ator is being turned over and also to make a vacuum- 
ight seal until the pressure on the fuse wire has forced 
t into all irregularities. Because of the small diameter 
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of the fuse wire it is necessary that the surfaces of the 
base plate and desiccator be lapped together initially 
until a good contact is obtained. 


When all connections are tight, the pressure (exclu- 
sive of water vapor) can be reduced to % micron as 
read on a McLeod gage. A Pirani gage is also included 
in the system so that the total pressure may be read. 


The electrodes and samples are heated by radiation 
from the outside. Three 150-watt lamps raise the tem- 
perature of the electrodes and samples to about 100C 
in five or six hours. A time switch then connects the 
lamps to a Variac adjusted so as to hold the tempera- 
ture at 105 to 115C. Each desiccator and set of lamps is 
enclosed in an aluminum-foil-lined cylinder to reflect 
the heat into the electrodes. 


Although the drying temperature is not critical, the 
present method of control is being improved by the 
installation of a potentiometer recorder-controller. 
Using the thermocouple imbedded in the guard plate as 
the actuating element, the temperature can be held to 
less than one degree C variation. The same instrument 
can be used to measure the electrode temperatures at 
which the power-factor readings are taken. 


Sixty-cycle power-factor and capacitance measure- 
ments are made by means of a Schering bridge (FIG. 3.) 
The bridge circuit is conventional®, except that the 
fixed resistor is made slightly inductive. This permits a 
balance to be obtained on zero-power-factor samples, 
such as guarded air capacitors. The resistance-capaci- 
tance coupled amplifier used as the balance indicator 
comprises five stages of amplification and is battery- 
operated. A tuned feedback circuit gives 60 db atten- 
uation to the third harmonic. The hearing-aid-type 


Schering bridge on a portable test table containing the standard 
air capacitor, power supply, and controls 


Fig. 3. 
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batteries used for the plate supply last about a year if 
the amplifier is turned off between readings. 

The capacitance sensitivity of the bridge at 500 
volts is about 0.01 per cent. The power-factor sensitivity 
is 0.000005 for values up to about 0.01. The accuracy 
depends on how closely the values are known for the 
standard air capacitor and for the bridge arms. Checks 
with the Bureau of Standards have been within +0.02 
per cent for capacitance and +0.00002 for power 
factor. 


TEST PROCEDURE 

Because of the small size of the samples, great care is 
necessary in handling them to prevent contamination 
or wrinkling. Sufficient sheets are selected to give a 
nominal thickness of four mils. After inspection to make 
sure that no wrinkles, lumps, or other defects are in- 
cluded, a three-inch-diameter section is punched out. 
Three such samples are placed between the three sets of 
electrodes in each desiccator. Fic. 4 shows two samples 
in place in the left desiccator of a group of three. 

Heat is turned on and the vacuum pump started and 
left on overnight (16 to 18 hr). In the morning the 
vacuum is broken slowly with air which is drawn 
through a drying train consisting of a gas-washing 
bottle filled with H.SO,, a bottle containing activated 
alumina and a bottle filled with glass wool and P,O;. As 
soon as the vacuum is broken, power-factor and capac- 
itance readings are taken on all samples. The heat is 
then turned off and the outer cylinder removed. Addi- 
tional readings of power factor and capacitance vs. 
temperature are taken as the samples cool to room 
temperature. 

(Readings could be taken without breaking the 
vacuum except for the vibration of the electrodes due 
to the vacuum pump. This vibration causes the capac- 
itance of the samples to vary, thus making the bridge 
balance unsteady and preventing accurate power-factor 
readings. No trouble would be encountered due to 
corona at the low pressures usually attained.) 

At the conclusion of the electrical tests, the samples 
are taken out one at a time and a 244-in. diameter sec- 
tion punched out and placed in a weighing bottle. The 


Fig. 4. 
equipment, showing three stages of preparation for a run. At left, 
exposed electrode and two samples in place; and (at right) complete set-up 


General view of capacitor-paper power-factor acceptance testing 
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Percent power factor 
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Fig. 5. Curves showing effect of voltage stress on power-factor variation 
with temperature for linen capacitor paper 
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Fig. 6. Power factor versus temperature curve for kraft capacitor paper 
shows little change with variation in pad thickness 
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shows high degree of constancy under repeated heating and cooling 


weight and thickness of these samples are subsequent 
determined and the apparent density calculated. Th 
density is termed a ‘‘dry-dry”’ apparent density be 
cause the dimensions as well as the weight are dete 
mined in the dry state. This is in contrast to the usu: 
“dry” apparent density for which the area and thickne: 
of the paper are determined in a humidity of 50 percet 
and the weight after drying in an oven at 100C. 

The thickness used in the calculation of density 
measured by means of a Federal dead weight micron 
eter with a pressure of 25 lb per sq in. This same valt 
of thickness is used in the calculation of dielectr 
constant from the capacitance readings. The constat 
so obtained is low because the actual separation of tl 
electrodes is greater than the measured thickness of tl 
samples—a difference due to the lighter pressure usé 
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3 instead of 25 lb per sq in.), and to the fact that the 
neasured thickness is the average of ten micrometer 
eadings, whereas the electrode separation is deter- 
mined by the high spots. However, the dielectric con- 
tants so obtained on similar papers will be comparable. 
Whenever abnormally low values of dielectric constant 
we found, examination of the sample will usually show 
2 wrinkle or lump. 


Preliminary Results on Validity of Test Method 


Factors which it was thought might affect the sig- 
rificance and reproducibility of the results were inves- 
Agated first. Such factors are applied voltage, thickness 
of the sample, and thoroughness of drying. 

Power factor and capacitance are usually measured 

at 500 volts (125 vpm based on nominal thickness). 
PIG. 5 shows power-factor vs. temperature curves made 
at various voltages. Up to 700 volts (175 vpm) there is 
very little effect of voltage on power factor. Normal 
variations in nominal thickness will thus cause no error 
in results from this cause. 
_ Fic. 6 shows that the thickness of the sample used is 
not important except for very thin samples, in which 
ease the deviations of the electrodes from absolute 
fatness affect the results. Differences in the air films at 
the electrode surfaces due to differences in surface 
roughness are not especially important for calendered 
paper. 

‘That 16 hr is sufficient to dry the paper thoroughly, 

or at least to bring it to an equilibrium condition, has 
been shown by doubling the drying time. No change in 
the power factor vs. temperature curves has been 
observed. 
- Delavanti and Hansen“) found power-factor values 
much higher than those reported here. Their curves 
also showed hysteresis loops. They attributed this to 
residual moisture and concluded that drying at one 
micron pressure was inadequate. However, the present 
work indicates that their drying temperature and/or 
ime were inadequate. When paper has been vacuum- 
{ried (100 microns or less) at 100C or higher for 16 hr, 
ind the drying chamber does not leak, no such hystere- 
sis has been observed. This is clearly shown in Fic. 7 
which shows the power factor vs. temperature relation 
or kraft paper which was dried and then taken through 
the temperature cycle several times. On the first 
emperature cycle, power-factor readings were taken as 
the sample cooled to 46C. It then remained at atmos- 
yheric pressure and cooled to 20C overnight. A second 
et of readings was taken during the next day as the 
ample was heated to 92C. It was kept at that tempera- 
ure overnight and the final two points were taken the 
ollowing day as the sample was allowed to cool. The 
lesiccator was connected to the atmosphere through 
he drying train and to the vacuum pump during the 
ntire time after the vacuum was broken initially. 

Pressure variation between runs has been found to be 
inimportant in the range of 1 to 100 microns, as read on 
. McLeod gage. Neither has a liquid-air trap been 
lecessary. In the early stages of the investigation P.O; 
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was used to dry the air admitted to the samples. A 
liquid-air trap was later put in the vacuum line to the 
pump and used for several years. When breaking the 
vacuum the air went through the liquid-air trap after 
passing through the P,O;. Due to the inconvenience of 
maintaining the trap over week ends it has not been 
used for the past year. Absolutely no difference in 
results was noted at any time which could be attributed 
to the presence or absence of the trap. 

Reproducibility of results is shown by the curves in 
Fic. 8. These were made by two different laboratories 
having similar equipment and using samples of paper 
from the same sample pad. Agreement is generally 
within +0.01 percent power factor. 


Correlation with Impregnated Paper 


It has been shown that the power factor vs. tempera- 
ture curves obtained are unaffected by normal varia- 
tions in test conditions and are accurately reproducible. 
It remains to be shown that the power factor vs. 
temperature curves of impregnated capacitors are 
directly related to the curves of the unimpregnated 
paper. 

Fic. 9 shows power factor vs. temperature curves for 
modified kraft paper and for Pyranol impregnated 
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Fig. 8. Power factor versus temperature curves showing close agreement 
of tests made in two laboratories 


0:40) = la 


0.35 


ranol treated capacito 


Percent power factor 
(eo) 


0.05 att ==] sea 
real oe | 
30 40 50 60 70 80 90 100 10 
Degrees © 


Fig. 9. Comparison of power factor versus temperature curves for dry 
modified kraft paper and those for the impregnated paper 
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modified kraft. Similar curves for a special kraft paper 
are shown in Fic. 10. The close similarity between the 
curves for the unimpregnated and the impregnated 
paper is quite evident. The translation of this similarity 
into a direct numerical relation will be considered in a 
later section of this article. 


Acceptance Tests 

On the basis of the preliminary work, a procedure for 
acceptance testing of all lots of capacitor paper was set 
up. To avoid handling and possible contamination, 
samples are cut as pads from the mill rolls and sent in 
by first-class mail for test. 

Tentative acceptance limits were set up for the power 
factor vs. temperature curve based on the first fifty 
lots tested. After several hundred lots had been tested, 
the limits were reduced to values which it was thought 
should not be exceeded by normal paper. This test has 
now been in use for several years with very satisfactory 
results. When lots of paper have failed to meet the 
specification, investigation has almost always disclosed 
the source of the trouble. 

A very good example of this occurred several years 
ago. Paper from one mill began to show higher than 
usual power factor at 100C. About three percent of 
the lots were higher than the acceptance limit and all 
were above normal. The trouble was finally traced to an 
unintentional change in the water supply to the mill. 
The former source was restored and subsequent paper 
lots were satisfactory. 


0.30 7 


Pyranol treated capacitor 


0.25 


Ory paper 


Percent power factor 
fo) 
a 


O 


SOME O0 MennDO Nn GOs 70) GOL OO mm TOOLSnEI1O 
Degrees © 


Fig. 10. Comparison of power factor versus temperature curves for a 
special dry kraft paper and those for the impregnated paper 


TABLE I 
EFFECT OF WATER ON POWER FACTOR 


Distilled Water River Water 
Percent Percent 
Temperature Power Factor Temperature Power Factor 
: (C) (C) 
109 0.160 110 0.199 
89 0.123 
a. 0.1138 88 0.145 
59 0.113 53 0.131 
41 0.127 41 0.139 
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Fig. 11. Power factor of hand sheets as affected by purity of water 
used in the beater 
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Fig. 12. Special electrode for thickness measurements of capacitor paper 
during power-factor acceptance tests 


Testing of Hand-made Sheets 


In addition to acceptance tests on capacitor paper 
tests are also made on hand-made sheets of paper 
These are made as a check on the pulp, development o: 
new pulps, or as a check on some of the factors in. 
volved in paper making. The density of hand sheets i: 
usually lower and more variable than that of calenderec 
paper; but by correcting the results to a commor 
density, by means of the formulas given in a later see: 
tion, very valuable information can be obtained. 


For example, the effect of the water used in the beaté: 
on the power factor of the paper is readily apparent 
Table I gives the results of power-factor tests on hance 
sheets made using distilled water and those made usin; 


river water. The curves are plotted in Fic. 11. Th 


distilled water used had a resistivity of about 500,00 


ohm-cm compared with 30,000 ohm-cm for the rive 
water. 


DIELECTRIC CONSTANT VS. TEMPERATURE 


Although the equipment described is quite satis 
factory for routine testing, it is highly desirable to b 
able to measure the electrode separation while th 
samples are still in place. All measurements showet 
that the capacitance of the paper decreased as th 
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i eeratare decreased. This had been found by some 
previous investigators® and was accounted for by 
assuming that the thickness of their cylindrical samples 
increased with decreasing temperature. Garton, using 
flat disk electrodes, also found this change in capaci- 
tance. In neither case was the actual separation of the 
electrodes known. 


To provide this information, a new set of electrodes 
was built with provision for measuring the separation 
electrically. Fic. 12 shows the complete set-up. The 
2.529-in. diameter central electrode is covered by the 
paper sample and it in turn supports the upper elec- 
trode. Three 1.005-in. diameter electrodes are equally 
spaced around the central electrode and well beyond 
the edge of the paper sample. Since they are entirely in 
air, the electrode separations can be calculated from the 
capacitance readings and the diameters. Since capac- 
itance is inversely proportional to separation and also 
inversely proportional to the Schering bridge reading, 
the Schering bridge reading is directly proportional to 
the separation. By proper adjustment of the fixed arm 
of the bridge, the separation in mils can be read directly 
on the variable arm with 1000 ohms equal to 1 mil. 


TABLE II 
THICKNESS VS. TEMPERATURE 
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Fig. 13. Thickness versus temperature curves for cellulose acetate and 


kraft capacitor paper 
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Dielectric constant versus temperature curve for kraft capacitor 


TABLE III 
DIELECTRIC CONSTANT VS. DENSITY OF KRAFT PAPER 


Temperature Cellulose Acetate Temperature Kraft Capacitor 
(®)) (Thickness in aper 
mils) (Thickness in mils) 

34 4.644 32.5 4.177 

46 4.657 44 4.177 

59 4.677 52 4.177 
(AAS) 4.697 67 4.181 

93 4.731 78.5 4.185 

111 4.785 98 4.201 
110 4,227 


_ The sensitivity is 0.001 mil but the absolute accuracy 
depends on the accuracy with which the electrode di- 
ameters are known and on the flatness of the electrodes. 
After machining, the electrodes were lapped by hand so 
that they are probably flat to better than 0.01 mil. 
There is also some deflection of the electrodes due to 
the weight. A check was made by supporting the upper 
electrode on three small pieces of 0.005-in. cellulose 
acetate. The electrode separation as determined by the 
three small electrodes agreed with that determined by 
the central electrode within 0.5 percent. 


_ Table II gives the data obtained on the thickness of 

sellulose acetate and kraft capacitor paper at various 
semperatures. The data are shown graphically in Fic. 
13. Thicknesses have been corrected for the linear 
thermal expansion of the electrodes (0.003 percent per 
leg C). Fic. 14 shows dielectric constant vs. temperature 
surves for kraft capacitor paper, based on the elec- 
tically measured thicknesses and also corrected for 
lectrode expansion. This demonstrates quite clearly 
hat the dielectric constant of kraft capacitor paper 
lecreases as the temperature decreases. 
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ra Density € 


Density 
(Grams per cc) 


(Grams per cc) 


0.25 1.18 1.01 2.36 
0.66 1.63 1.04 2.43 
0.84 1.90 1.06 2.44 
0.95 2.22 1.08 2.50 
0.96 Pps) 1.09 2.55 
0.97 2.20 1.10 2.58 
0.99 2.34 1.10 2.62 


EFFECT OF SHEET DENSITY 

One of the problems given special consideration was 
the relation between sheet density, power factor, and 
dielectric constant. Evidence presented in an earlier 
article led to the conclusion that the paper fibers and 
air, or impregnant, form a purely series combination, 
for which 


(1) 


PF =6ye; (PFy) /(Ose:+6:€)) (2) 


where e’ is dielectric constant, PF is power factor, and 0 
is the fractional volume. Subscripts f and 7 refer to fiber 
and impregnant respectively and the quantities without 
subscripts refer to effective values for the combination. 
The power factor of the impregnant is considered to be 
negligible. 

By use of Formula (1), the solid curves in Fic. 15 were 
calculated to show the relation between e’ and sheet 
density for the cases ¢,=1 (air) and ¢,= ©. The paper 
fibers were assumed to have a density of 1.50 and a 
dielectric constant of 6.6. This value of dielectric con- 
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i= «€;/(0;e; + 9:€/) 


and 


stant is based on measurements made in the writer’s 
laboratory. It is in reasonable agreement with the 
figure of 6.24 calculated from the data reported by 
Maass“ as his measurements were made at a frequency 
considerably above 60 cycles. 

Test values for unimpregnated kraft paper are given 
in Table III and are indicated by crosses near the lower 
solid curve in Fic. 15. Both the apparent density and 
the dielectric constant are based on the measured sep- 
aration of the electrodes. When it became possible to 
impregnate paper with a liquid having the effect of 
infinite dielectric constant (a semiconductor)® the 
points marked by the crosses above the upper solid 
curve were obtained. The divergence of the upper 
points from the curve based on the simple series rela- 
tion is quite evident. 

A further discrepancy was pointed out by McLean, 
Egerton, and Houtz on the basis of a great many 
measurements made before and after impregnation. 
They found the ratio 


for a hydrocarbon wax and less than 0.9 for chlorinated 
naphthalene. The terms PF and C refer to power factor 
and capacitance and the subscripts 7 and u refer to the 
impregnated and unimpregnated condition respectively. 
Calculations based on zero loss in the impregnant and 
series relation between paper and impregnant give a 
value of 1.0 for this ratio. 

A clue to a possible explanation may be found by 
examining a cross section of a single sheet of capacitor 
paper under a microscope or by measuring its thickness 
by means of a micrometer having a fine ball anvil. The 
thickness is found to vary as much as four to one from 
one area to another. When many sheets are used to 
form the dielectric, the over-all variation from point to 
point must be greatly reduced. However, for three- 
sheet dielectrics the nonuniformity may still be ap- 
preciable. 

Such variations in thickness would result in the power- 
factor increase on impregnation being less than the 
capacitance increase, as was found experimentally by 
McLean, Egerton, and Houtz. This variation in thick- 
ness would also cause the dielectric constant of paper 
impregnated with a semiconducting liquid to be higher 
than the value calculated on the basis of a uniform 
thickness. A qualitative explanation of the observed 
facts is thus arrived at. 


CALCULATION OF POWER FACTOR AND CAPACITANCE 


Impregnated Paper Capacitors 


Many attempts have been made to calculate the 
power factor of impregnated paper from measurements 
on the unimpregnated paper and on the impregnant, 
using a variety of theories to explain the combination 
of paper and impregnant. None of the theories has 
been completely satisfactory. However, as the preced- 
ing section indicates, the picture is becoming clearer. 

An unimpregnated paper dielectric consists of paper 
fibers in series with air but with the ratio of air to paper 
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varying from point to point over the area of the dielecs 
tric (for thin dielectrics). On impregnation, the air is 
replaced by the impregnant, whose contribution to the 
loss is considered negligible at 60 cycles over the normah 
range of voltage and temperature. The power factor of 
the combination is increased, however, because of the 
increased stress on the fibers. a 
Our knowledge of fiber dielectric constant and den- 
sity is still too meager to permit exact calculations; but 
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Fig. 15. Calculated curves for dielectric constant versus apparent sheet 
density 


the agreement with experimental results is good. Table 
IV shows a comparison of experimental with calculated 
values. The experimental values are for wound com- 
mercial three-sheet capacitors, wound with three sheets 
of paper having an apparent density of 1.0 and with a 
10-percent liquid film. The calculations are made using 


TABLE IV 


TEST VS. CALCULATED VALUES OF CAPACITANCE RATIO 
AND POWER FACTOR FOR IMPREGNATED CAPACITORS 


Test Calculated 

Ratio oil treated capacitance to dry 

paper capacitance ny és) 1.78 
Power Factor of oil treated capacitor 0.22% 0.23% 
Ratio Pyranol treated capacitance to 

oil treated capacitance 1.58 1.58 
Power Factor of Pyranol treated ca- 

pacitor 0.32 0.34 
Ratio of high-dielectric-constant- to ae 

liquid treated capacitance to Pyra- 

nol treated capacitance 1.55 1.53 
Power Factor of high-dielectric-con- 

stant-liquid treated capacitor 0.48% 0.49% 
Ratio (PF;/PF,,) + (C,/C,) 0.9-1.0 0.93 (Pyranol) 


nn 
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TABLE V 
CORRECTION FOR DENSITY—LOW-DENSITY SAMPLE 


ee ee eee ee 


TABLE VI 
CORRECTION FOR DENSITY—HIGH-DENSITY SAMPLE 


Measured 


Calculated 
Percent Power Factor 


Temperature Percent Power Factor 


OM 0.246 

100 0.140 0.197 

90 0.118 0.166 

80 0.104 0.147 

70 0.100 0.141 

OM 0.099 0.139 

36 0.109 0.153 

3 Measured Calculated 
§Electrode separation—mils 4.79 at 
}‘Dry dry” apparent density 0.85 1.00 
sDielectric constant 1.93 roi 

i ce ne A 


Nquations (1) and (2) and are based on a fiber density 
of 1.50, dielectric constant of 6.6, and power factor of 
0.6 percent. An allowance was made for the effect of the 
nonuniformity of the paper thickness previously men- 
ioned. 


Unimpregnated Paper 

For the proper evaluation of dielectric-constant and 
power-factor measurements made on unimpregnated 
paper it is important to eliminate the effect of sheet 


@ DENSITY AS MEASURED !.10 
” “ " 0.85 


% POWER FACTOR 


x@® CORRECTED TO A DENSITY OF 1.00 


DEGREES CG 
Fig. 16. Correction of power factor for density of sample 
density. Equations based on the series relation are 
easily derived and do not involve the density or dielec- 
tric constant of the fibers. These are: 


tt ( 
(S| dy — (dz,—d}) €j 
and PF, /PF,= e's do/e's di (5) 


where e’; and PF, are the dielectric constant and power 
factor at density d; e’2 and PF, are those at density ds. 

Examples of the use of these formulas are given in 
Tables V and VI. Table V gives the measured values of 
power factor, dielectric constant, density, and thickness 
for a low-density paper, together with the values cor- 
rected to a density of 1.0. Similar results for a high- 
density paper are given in Table VI. The two sets of 
data are shown graphically in Fic. 16. 
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Measured Calculated 
Temperature Percent Power Factor Percent Power Factor 
103C } 0.298 0.236 
89 0.220 0.174 
73 0.185 0.147 
63 0.180. 0.1438 
53 0.180 0.143 
40 0.186 0.147 
Measured Calculated 
Electrode separation—mils 3.84 5 cine 
“Dry dry” apparent density 1.10 1.00 
Dielectric constant 2.64 2.30 


The corrected values of dielectric constant are almost 
identical and the power factors are quite similar. The 
two samples of paper were not from the same lot and 
would not necessarily have the same power factor. 

Care must be exercised when applying these formulas 
to thin dielectrics and hand-made sheets as the effect of 
nonuniformity may be appreciable. There is also a 
possibility that the series formula may not always apply- 
strictly. Intelligently applied, however, they can be a 
great assistance in interpreting results. 


SUMMARY 


Equipment has been described by means of which 
the dielectric constant and power factor of unimpreg- 
nated capacitor paper may be measured accurately. This 
equipment has been in use for a number of years for 
acceptance tests on capacitor paper with very satis- 
factory results. The time necessary for a test has been 
reduced from the three weeks formerly required to two 
days. Of equal importance is the fact that very close 
correlation is obtained between tests on the dry, unim- 
pregnated paper and on the capacitors made with it. 
As an outcome of this work, an explanation is given of 
the capacitor paper-impregnant system, which permits 
quantitative calculation of impregnated paper power 
factor from the power factors of the constituents. 
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Vou'll be surprised at these figur 


@ 80 million Americans own $48 billion of 
U. S. Savings Bonds. 


@ 20,000 of the nation’s 38,000 firms 
employing I00 or more persons are oper- 
ating Payroll Savings Plans. : 


e 7,500,000 workers are buying an indi- 
vidual average of $20 of Bonds per month. 


@ For the year 1948, sales of Series E Bonds 
exceeded redemptions by $495,148,000. 
The net figure for all Series after redemp- 
tions and maturities was $2,151,140,000. 


What does all this mean to you? Well, 
it means first of all that your Treasury 
‘ Department is successful in its program 
of increasing the nation’s economic 
security by spreading the national debt. 
Secondly it means that most of the nation’s 
business leaders recognize the value of 
the Payroll Savings Plan sufficiently to 
promote it within their companies. 


For example... 


‘To give you some idea of the Plan’s 
growing popularity: 86,384 employees of 
a prominent electrical manufacturing com- 
pany were investing in Bonds at the rate 
of $30,005,270 as of the end of 1948. This 
is a gain of nearly 100% over 1947, when 
45,000 employees participated in that com- 
pany. The treasurer of a well-known shoe 
company reported that, of his concern’s 
19,060 employees, 9,240 were in the Plan 
and had invested $146,807.32 in Bonds 
via deductions during the preceding month. 


Why promote it? 
We all know how buying Bonds builds 


an individual’s future security. But there 
are company benefits too! Nation-wide 
experience shows that Payroll Savings 
increases each participating employee’s 
peace of mind—makes him a more con- 
tented, more productive worker. It re- 
duces absenteeism, lowers accident rates, 
increases output, and improves employee- 
employer relations. 


Wee BE? 
es ! 


It’s easy to boost participation 


I. See that a top management man spon- 
sors the Plan. 


2. Secure the help of the employee 
organizations in promoting it. 


3. Adequately use posters and leaflets 
and run stories and editorials in company 
publications to inform employees of the 
Plan’s benefits to them. 


4. Make a person-to-person canvass, 
once a year, to sign up participants. 


These first four steps should win you 
40-60% participation. Normal employee 
turnover necessitates one more step: 


5. Urge each new employee, at the time 
he is hired, to sign up. 


Nation-wide experience indicates that 
50% of your employees can be persuaded 
to join—without high-pressure selling. 
All the help you need is available from 
your State Diceoies U. S.-Treasury 
Department, Savings Bond Division. 


The Treasury Department acknowledges with appreciation the publication of this message by 
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This is an official U.S. Treasury advertisement prepared under the auspices of the Treasury Department and The Advertising Council. 
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complete confi- 
dence wherever 
ball bearings of 
top quality are 
required. 


EW DEPARTURE | 
BALL BEARINGS 


NEW DEPARTURE - Division of GENERAL MOTORS 


BRISTOL, CONNECTICUT 
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PROTECTIVE ATMOSPHERES IN INDUSTRY . . Part X 


The methods by which surplus gases can be accumulated and stored during 
the low-demand periods for utilization when peak demand is greatest, with 


emphasis on safety precautions, cost economy, and convenience in handling 


By A. G. HOTCHKISS and H. M. WEBBER 


Industria! Heating Divisions, General Electric Company 


HE average user of protective atmospheres is 

probably but little concerned with the problem 
of gas storage. As keen competition brings more and 
more emphasis on cost of production, however, it 
becomes more important that surplus atmosphere gas, 
instead of being wasted, be accumulated and stored 
during off-peak periods to be utilized during other 
periods when the demand is excessive. Methods by 
which this can be accomplished will be described in 
this Part. 


STORAGE 


FUEL GASES 

Natural Gas and Manufactured Gases. Users of natural 
gas and manufactured gases are not concerned with 
storage problems. Such gases are generally stored by 


Fig. 98. 


A four-tank 2-cabinet propane installation furnishing gas used 
for gas carburizing and for atmosphere gas generators 


the gas companies which distribute their products over 
wide areas, such as cities and towns, through a com- 
plicated network of piping. The gas is delivered to the 
user at pressures of from 6 to 8 in. up to several pounds. 
Natural gas is usually piped long distances from the 


This article is so paged that, without mutilating other articles, it can be 
readily removed for filing as a’ group of full-size consecutive pages.—Ep1ror 
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gas field to the place of use, under fairly high pressure 
furnished by booster compressors located at intervals 
along the line. Any storage tanks used for such pur- 
poses are high-pressure tanks placed above ground, 
Manufactured gas is stored in constant-volume tanks 
of very large capacity in which the gas is maintained 
at a few pounds pressure, or in variable-volume holders 
which consist of closed, inverted vessels sealed in water. 

Liquefied Petroleum Gases. Liquefied petroleum 
gases are in rather general use today as a source of 
economical fuel, which is used for general heating pur- 
poses as well as for producing protective atmospheres, 


TABLE XVII 
CHARACTERISTICS OF FUEL GASES 


Boiling Limits of Flammabil- 
Point at ity (Percent Gas in Air) 
Standard Ignition Specific 
Pressure Lower Higher Spread Temp. Gravity 
F F (Air =1) 
Methane —259 5.00 15.00 10.00 1200-1382 0.554 
Ethane —155 3.22 12.45 9.23 968-1166 1.036 
Propylene —128 2.00 11.10 9.10 1.451 
Propane —43.7 2.37 9.50 6.13 965 1.520 
Butylene 1.70 9.00 7.30 1.935 
Butane +10.9-31.1 1.80 8.44 6.64 930 2.07 
Natural gas 4.80 14.60 9.80 0.60-0.70 
Coal gas 5.60 30.8 25.2 0.42-0.47 
Carbureted 
water gas 6.40 37.70 31.30 0.54—0.67 
Carbon 
monoxide —314 12.50 74.20 61.70 1191-1216 0.968 
Hydrogen —423 4.0 74.20 70.20 1076-1094 0.069 


These gases coming from natural sources consist gen- 
erally of propane or butane with small amounts of 
ethane usually present. Such liquefied petroleum gases 
coming from refinery sources also contain sizable 
amounts of propylene or butylene. 

Liquefied petroleum installations are subject to regu- 
lations as issued by the National Fire Protection As- 
sociation and published by the National Board of Fire 
Underwriters in their Pamphlet No. 58. Some small 
installations consist of 100-lb cylinders used either 
singly or in multiple as shown in Fic. 98. The distrib- 
utor is prepared to furnish the metal enclosure and the 
necessary pressure-reducing regulator. The service 
includes delivering full tanks at specified intervals and 
replacing the empty ones. 
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‘ig.99. A large propane stor- 
ge installation used for stand- 
y fuel source. Mixing equip- 
ent located in the building 
ilutes the propane with air to 
roduce a mixture suitable for 
ubstituting for natural gas 


For larger installations, the liquefied fuel is delivered 
by railroad tank cars of approximately 10,000-gal 
capacity. The storage tanks range in size from 12,000 
to 30,000 gal. Many installations are used as a source 
of standby fuel to be used only in emergency. The in- 
stallation shown in Fic. 99 is such a standby equip- 
ment; it includes a mixing station which mixes vapor- 
ized propane with air in such proportions that the 
mixture will burn satisfactorily in burners which 
normally use natural gas. 

From the safety standpoint, the limits of flamma- 
bility @ are less for liquefied petroleum gas than for 
other commercial fuel gases. This will be obvious from 
Table XVII which gives the characteristics of various 
fuel gases. For propane in air, for instance, the spread 
between lower and higher limits of flammability is 6.1 
percent propane as compared to 25.2 percent for coal 
gas and 70.2 percent for hydrogen. It is also an interest- 
ing fact that the lower flammable limit for liquefied 
petroleum gases is lower than that for other com- 
‘mercial fuel gases. This means that it requires less 


EEUU UES EEE 


TABLE XVIII 
PHYSICAL PROPERTIES OF LIQUEFIED GASES 


Lb Cub Cu Ft Btu Vv P ae 
eee, oh OF OP. aor 
Propane 
(C3Hs) 4.25 37 8.58 2521 24 112 196 
Butane 
(CiHy) 4.8 31.8 6.51 3274 —4 27 55 
Ammonia 
(NHs) 5.08 114.3 22.5 A328) Loi W14 197 


i 
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liquefied petroleum gas in air to reach the flammable 
range than for other commercial fuels. 

The vapor pressure of propane as shown in Table 
XVIII permits storage in tanks designed for 200 psi. 
Even at low winter temperature conditions, the vapor 
‘pressure remains sufficiently high for normal distri- 


‘bution purposes. 
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The vaporized fuel can be withdrawn as a gas from 
the top of the tank through the proper regulating 
equipment. However, the liquid is generally a mixture 
of two or more liquefied gases; and the material with 
the lower boiling point will vaporize first, thereby giv- 
ing a gas of somewhat lower Btu than that which 
comes off last. For this reason it is generally advisable 
to withdraw the liquid as such and vaporize it in a 
separately heated vaporizer, which results in a more 
uniform fuel analysis. 

Fire precautions are similar to those required for any 
other commercial gas. It should be remembered, how- 
ever, that the gas is heavier than air (Table XVII) and 
seeks low spots in the terrain. Likewise, its lower 
flammable limit is lower than for other commercial 
gases. It is possible, therefore, for the gas to hang 
closer to the floor, and to form a flammable mixture 
sooner than most other fuel gases. Years of experience 
have indicated that liquefied petroleum gases may be 
stored, handled, and used with the utmost safety if 
proper engineering standards are followed, and if the 
same precautions are taken as in the handling of any 
other fuel gas. 

Ammonia. Anhydrous ammonia for ammonia dis- 
sociators (Part III*) is supplied in a liquid form. 
Standard small containers are in three sizes—50 Ib, 
100 lb, and 150 Ib. If the consumption exceeds 50,000 Ib 
per year, it is then economical to install a large tank of 
13,000-gal capacity or more, and purchase the ammonia 
in tank-car lots. Such an installation would be very 
similar to that shown in Fic. 99 except that normally 
one tank is sufficient. Auxiliary equipment as shown 


*The following will facilitate the location of material published 
in earlier parts of this serial: 


Part Issue Figs. Equations Tables Footnotes 
Part I Nov. 1948, p.29 1to 6 None I and II None 
Part Il Dec. 1948, p.41 7tol4 (1) to (18) Il and IV (1) to (9) 
Part III Feb. 1949, p. 37 15 to 23 None V and VI None 
Part IV. Mar. 1949, p. 25 24 to 35 None VII None 
Part V Apr. 1949, p. 25 36 to 41 None VIII to X (10 and (11) 
Part VI May 1949, p. 30 42 to 54 None XI to XII (12 
Part VII June 1949, p. 33 55 to 70 None XIII to XV (138) to (17) 
Part VIII July 1949, p. 32 71 to 89 None XVI (18) to (23) 
Part IX Aug. 1949, p. 26 90 to 97 None None None 
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in Fic. 100 would include a compressor which is re- 
quired for unloading the liquid ammonia from the 
tank car. Also shown in this picture is a vaporizer at 
the right and two 2000-cfh dissociators in the back- 
ground. 

The vapor pressure of liquid ammonia at 100 F is 
about 200 lb, practically the same as of propane (Table 
XVIII). It is thus possible to remove from the tank a 
limited amount of vaporized ammonia. If any con- 
siderable quantity is to be withdrawn, however, it is 
necessary to remove the liquid and vaporize it in a 
separate vaporizer for which heat must be supplied. 
Because of its toxic properties and pungent odor, 
ammonia must be completely confined; and minute 
leaks are readily detectable. Ammonia storage systems 
are available and are installed according to fixed regula- 
tions similar to those existing for liquefied petroleum 
gases. All companies supplying anhydrous ammonia 
have available considerable information concerning 
the use and the handling of ammonia for atmosphere 
purposes. ) 


ATMOSPHERE GASES 

Tanked Gases. Hydrogen and nitrogen are often 
delivered in bottles, cylinders, and tubes (Part III). 
The outlet shutoff valves are protected by metal covers. 
When using these gases for atmospheres, it is desirable 


Fig. 100. 


Ammonia compressor used for unloading liquid anhydrous 
ammonia from tank car into a storage tank. The vaporizer is at the right 
and two 2000-cfh ammonia dissociators are shown in the background 


to place pressure-regulating valves directly at the tanks 
so that the pressure of about 2000 lb is reduced to not 
over 2 or 3 lb in the lines to the points of use. It is 
always desirable to protect such tanks from mechanical 
damage and also from excessive temperature which 
might increase the pressure inside the tank beyond 
safe values. 


Prepared Gases. The combusted fuel gases listed in 
Part I, Table I, Section E, are often compressed and 
stored in pressure tanks. This procedure is particularly 
advantageous in installations where the rate of flow 
fluctuates widely—for instance, in a multiple-furnace 
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arrangement which requires a high flow of the gas: 
for a short time every few hours for purging purposes,} 
but a relatively small flow after purging is completed. | 
By staggering the purging periods and properly sizing 
the storage tank which supplies the high rate of flow, 
necessary for the purging period, the size of the at- 
mosphere producer can be reduced considerably over 
that necessary without the storage system. : 

The arrangement should be such that the atmosphere» 
producer will operate at approximately a constant: 
output, which is the most desirable method from the» 


standpoint of producing an atmosphere of uniform | 


analysis. Fic. 101 shows the schematic piping diagram | 
of such a typical atmosphere-storage system. The out-. 
put of the atmosphere producer is fed to a compressor ° 
through a small surge tank. This tank serves merely - 
as a buffer to prevent pulsations of the compressor from 
affecting the operation of the atmosphere producer, and 
allows the atmosphere producer a short time interval 
in which to adjust itself to volume changes as estab- 
lished by the compressor control. The minimum volume 
of this tank can be calculated from the formula: 


Cu ft per hr gas to compressor 


Tank volume in cu ft = : 
rpm Xnumber of cylinders 

Compression heats the gas and reduces its moisture 
content; therefore, the hot compressed gas is conducted 
through a cooler and separator and the condensate is 
trapped off. The pressure of the compressed gas from 
the storage tank is usually reduced by an automatic 
regulator to a pressure of a few pounds to a few ounces 
at the point of use. 

It is desirable to select a compressor that will take 
just the full output of the atmosphere producer. Auto- 


TABLE XIX 


TABLE SHOWING RELATION BETWEEN DEW POINT AND MOISTURE 
CONTENT OF GASES AT DIFFERENT PRESSURES. *} 


Equivalent Equivalent 
Dew Point Dew Point 

Water Temp. Water Temp. F 

Pressure Percent (Nearest Pressure Percent (Nearest) 

(Lb Gage) by Vol. Degree) (Lb Gage) by Vol. Degree) 
0 3.46 80 220 0.216 8 
10 2.02 64 240 0.198 6 
20 1.45 55 260 0.1838 4 
30 1.125 48 280 0.171 2 
40 0.922 43 300 0.161 1 
50 0.778 39 320 0.151 0 
60 0.670 35 340 0.142 —1 
70 0.594 32 360 0.1384 —2 
80 0.533 29 380 0.128 —3 
90 0.483 26 400 0.122 —4 
100 0.440 24 450 0.109 —6 
110 0.405 22 500 0.098 —8 
120 0.3874 20 550 0.089 —10 
130 0.350 19 600 0.082 —12 
140 0.325 18 650 0.076 —14 
150 0.3806 16 700 0.070 —16 
160 0.288 15 750 0.066 —17 
170 0.273 14 800 0.062 —18 
180 0.258 12 850 0.058 —19 
190 0.247 11 900 0.055 —20 
200 0.238 10 950 0.052 —21 
1000 0.050 —22 


* After compressing and removing all condensation at 80 F. 
t (For additional information see Table VII.) 
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Valve 


Producer 
Fig. 101. Schematic piping diagram 
of a typical high-pressure inert-gas 
storage system 


natic controls such as a low-pressure switch are pro- 
aided, however, to prevent the compressor from pulling 
vacuum on the atmosphere producer. A relief valve 
vill automatically permit the atmosphere producer to 
unction at approximately one-half output should the 
ompressor stop. The size of the storage tank will de- 


which the gas is compressed. Normally, pressures of 
approximately 100 psi prove to be the most economical 
from the standpoint of tank size and cost of the com- 
pressing equipment required. Pressures up to 300 psi 
an be used if the application requires it. 

The reduction of moisture content by compression is 
generally a desirable feature. The amount of moisture 
removed is illustrated by Table XIX; for example, a 
gas which is saturated at +80 F at atmospheric pres- 
sure, contains 3.46 percent water vapor by volume. 
When compressed to 100 lb gage, the moisture content 
is reduced to only 0.44 percent, which corresponds to a 
dew point of +24 F. Compression then eliminates the 
necessity for removing moisture by refrigeration and, in 
cases where the remaining moisture is to be removed, 
a small regenerative dryer will accomplish the purpose. 

Fic. 102 is a photograph of a typical 5000-gal storage 
tank used for inert combusted fuel gas (E1lb) main- 
tained at 55-lb pressure. The atmosphere is supplied 
by a 3000-cfh atmosphere gas converter which is used 
in this instance to supply inert gas for varnish-cooking 
kettles, storage tanks, pipe lines, and for fire prevention. 
In another installation, a similar type of equipment 
furnishes inert gas at higher pressures to be used as a 
substitute for compressed air to prevent oxidation of 
the rubber compression molds used in the manufacture 
of automobile tires. 
~ Some atmosphere furnaces require sources of standby 
atmospheres because of the necessity for protecting the 
furnaces or the products from damage due to accidental 
stoppage of the atmosphere-generating equipments. 
In such instances, where it is assumed that the generat- 
ing equipment is inoperative because of power failure 
or fuel-gas failure, a supply of prepared atmosphere is 
stored under pressure and in sufficient volume to fur- 
nish a minimum requirement over the shutdown 
period. This requirement is particularly important 
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Fig. 102. 


A 5000-gal storage tank for storing inert gas at 55 psi. Gas 
produced by 3000-cfh atmosphere converter. Used for varnish-cooking 
kettles, storage tanks, fire prevention, etc. (Courtesy Enterprise Paint & 
Mfg. Co., Chicago) j 


where large tower and elevator furnaces contain flam- 
mable gases of high hydrogen content which might 
become dangerous from the explosion standpoint if 
the flow of the gas is interrupted. In such cases, a 
sufficient quantity of inert gas is stored in readiness to 
completely purge the flammable gases from the furnace 
and eliminate any hazardous condition. These precau- 
tions, which will be presented in detail in a succeeding 
Part under Methods of Purging, are necessary for some 
types of furnaces but are not needed for all types. 


PRESSURE AND VOLUME CONTROL 


Furnace atmospheres, as obtained directly from the 
generators or from storage tanks, are frequently sup- 
plied at a greater pressure than that required at the 
furnace, and sometimes the pressure is variable, caus- 
ing variable flows. It is generally desirable to reduce 
the atmosphere gas to some pressure which remains 
constant regardless of variations in flow (within limits 
of the producer) from the generating source. 


Pressure-regulating Valves. Pressure-regulating 
valves are widely used in the control of all types of gases. 
Such valves operate (within their range) to automatical- 
ly hold a constant pressure on the downstream side, 
even though the upstream pressure may vary consider- 
ably. The valves are usually diaphragm-operated and 
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may be of the dead-weight or spring-loaded type. A 
cross-sectional view of a typical valve of the spring- 
loaded type is shown in Fic. 103. The diaphragm, which 
is clamped between the halves of the casting, divides 
the diaphragm chamber into two parts. The top part 
contains a spring which can be adjusted to exert vari- 
able pressures against the top side of the diaphragm. 
The valve stem is attached to the bottom side of the 
diaphragm and is free to move up and down through its 


Fig. 103. Cross section of a 
typical pressure-regulating 
valve (Courtesy Fisher Gover- 
nor Company) 


Fig. 104. Cross section of a 
typical pressure-relief valve 
(Courtesy Fisher Governor 
Company) 


guide. On the right side of the bottom half of the 
diaphragm chamber is a pipe connection which will be 
piped into the downstream piping. The gas entering 
the valve at the left or upstream side must always be at 
some pressure higher than that which the valve is 
expected to maintain on the downstream side. In 
operation, the spring will maintain the valve in an 
open position until the gas leaving the valve is throttled 
or closed off sufficiently to allow the pressure on the 
downstream side to increase. The increased pressure 
will be transmitted to the bottom side of the diaphragm 
through the small pipe connection and will close the 
valve when the force exerted on the bottom side of the 
diaphragm exceeds the force of the spring. When gas is 
flowing as in normal operation, the diaphragm will 
float in some mid-position which will open the valve 
only sufficiently to supply the flow demanded. When 
the spring pressure is increased, the pressure main- 
tained on the downstream side is likewise increased, 
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Pressure-relief Valves. It is essential that atmos. 
phere gas converters and Neutralene gas producers 
operated above some specified minimum flow which i 
necessary to maintain proper operating temperature, 
To assure this condition, an automatic pressure-relief 
valve is sometimes utilized—for example, where the 
generator supplies several furnaces, and when the con- 
trol point of the gas atmosphere flow is at each furnace, 
Fic. 104 shows a cross-sectional view of a typical relief 
valve. In comparison with Fic. 103, it will be noted 
that the construction of the valve is very similar, the 
main difference being that the operation of the valve is 
reversed and that when the diaphragm moves upward, 
the valve opens in the relief valve, whereas it closes in 
the pressure-regulating valve. It will also be noted that 
the incoming gas enters at the right instead of the 
left side of the valve body. Since the drop in pressure 
through a generating unit varies with the flow, a 
decrease in the output gas to the furnaces will cause an 
increase in pressure on the output line. A pressure- 
relief valve connected into this line can then be ad- 
justed to open when the back pressure reaches a certain 
point and thus insure that a prescribed minimum flow 
will be maintained through the generator. 

Fic. 105 shows a schematic diagram illustrating the 
installation of pressure-regulating and pressure-relief 
valves. In such an installation where the gas is being 
supplied to bell-type furnaces, the pressure-regulating 
valve would be set to maintain a pressure of 2 to 3 
in. of water in the low-pressure furnace header. Because 
of the low pressure, the regulating valve would be 
placed close to the header, and the pressure connection 
to its diaphragm chamber would be connected from the 
header, thus permitting the valve to maintain the pres- 
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Fig. 105. Schematic diagram of a typical installation of pressure-relief 


and pressure-regulating valves in conjunction with atmosphere gas con- : 
verter and bell-type furnaces 
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Fig. 106. Schematic diagram illustrating a method of operating | 
atmosphere producers in parallel and distributing the atmosphere 1 
to a number of furnaces : 
September, 1949 
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ig.107. Schematic diagram showing a pressure-operated valve arranged 
}for automatic changeover from normal to standby-atmosphere supply 
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Fig. 108. A method for automatic changeover from normal to standby 
atmosphere by use of electrically operated solenoid valves 


re in the header close to the furnace bases rather 
an in the pipe line from the producer. Such an ar- 
ngement allows the atmosphere gas to be delivered 
om the producer to the regulating valve at a pressure 
15 to 20 in. of water which permits the use of a 
aller size pipe line and gives more latitude in opera- 
on of the producer. 

Fic. 106 is a schematic diagram which illustrates a 
sntral type of installation for generating equipment 
here two or more producers are used in parallel to 
ipply a number of furnaces of different types. By the 
se of a relief valve and a regulating valve for each 
roducer, the flow can be automatically equalized be- 
ween the two producers. It is suggested in this case 
at the gas be delivered to the furnace header at 
ressure of approximately 8 in. of water. 

Automatic Switchover to Standby Gas Supply. With 
yme installations, as previously mentioned in this 
art, it is desirable or necessary to supply a standby or 
ibstitute atmosphere. In such cases, it is sometimes 
nportant that the changeover from the normal at- 
iosphere supply to the standby supply be done auto- 
atically. One method of effecting this automatic 
jangeover is by the use of a diaphragm-operated 
alve as illustrated in Fic. 107. This schematic diagram 
ustrates a method of automatically purging with 
trogen a furnace which normally operates on hydro- 
sn gas. A diaphragm-operated valve is located in the 
trogen line; this valve would normally be maintained 
an open position by a spring located on the bottom 
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side of the diaphragm. The top side of the diaphragm 
chamber is connected to the hydrogen line. In normal 
operation with hydrogen flowing, the valve is so 
adjusted that the pressure on the diaphragm from the 
hydrogen line will overcome the spring pressure and 
maintain the diaphragm valve in a closed position. 
Any time that the pressure in the hydrogen line di- 
minishes below the set point or falls off completely, the 
diaphragm valve will open and admit the nitrogen gas. 
Check valves are used to prevent any possibility of 
either gas backing up into the other line. Pressure 
switches connected in both lines and wired into an 
alarm system operate a signal to the operator if failure 
of either gas occurs. 


Another method, shown in Fic. 108, is sometimes 
used which is particularly desirable when the normal 
operating atmosphere is dissociated ammonia. Since 
loss of power in the dissociator might cause undissoci- 
ated ammonia to be carried over, it is desirable to 
change over to the auxiliary atmosphere by electrical 
means. This diagram illustrates the use of a normally 
closed magnetic valve in the dissociated ammonia line 
and a normally open valve in the nitrogen line. In 
operation, both valves are energized, the dissociated 
ammonia valve being held open and the nitrogen valve 
being held closed. In case of power failure, the nitrogen 
line is then opened automatically. Utilization of addi- 
tional protection is shown by the flow switch which 
will serve to open the nitrogen line if the flow of dis- 
sociated ammonia is discontinued or decreased below 
a set point. An alarm system, of course, can be applied 
as another precaution. 
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HIGH LIGHTS ano SIDE LIGHTS 


Leak Detector Tests New 
Radiant-heating System 


The usefulness of the halogen leak de- 
tector in home construction has recently 
been proved. A leakproof condition was 
insured in the radiant-heating system being 
installed in a new house—thereby avoiding 


leaks of these gases from openings so 
small as to release only one ounce in a 
century. 

To make the test, Freon was first intro- 
duced into the 1800 feet of half-inch 
copper tubing installed in the unfinished 
ceiling of the house. Then the tip of the 
instrument’s portable pick-up was passed 


Cableways at Work in Construction of French Dam 


Two 25-ton tautline cableways, with a span of 1146 feet between towers, being used in construc- 
tion of France’s giant new Chastang Dam. Self-propelled and covering the entire range of the 
construction, they have carried to all dam-site points machinery, forms and materials, 20-ton 
sections of high-pressure penstocks, and even a small diesel-electric locomotive. As one of four 
dams on the Dordogne River, Chastang will rank second in France in power (255,000 kw) and third 


in output (540,000,000 kwh annually) 


The pistol-shaped pick-up of the leak detector 
moves along pipes and over joints of the radiant- 
heating system. Escape of Freon through a leak 
is indicated on the panel atop the stepladder 


the considerable difficulty and expense of 
later repair of leaking pipes and wrecked 
plaster—by testing the system with the 
leak detector. 

This electronic instrument, which is 
extremely sensitive to halogens, can detect 


AA 


through the air surrounding the tubing. 
The presence of any trace of the halogen 
compound was immediately indicated on 
the dial of the leak detector’s electronic 
unit, 


The checking of about a hundred joints 
in the tubing in this manner in less than 
two hours spotted three leaks which had 
been undetected by two previous tests of 
different types. 


Automatic Metal Cutting 
Guided by Electric Eye 


A new electronic instrument has been 
developed which can follow the lines of a 
drawing with an electric eye and guide a 
machine tool to cut out metal parts 
according to the drawing. 


Known as the ‘‘contour-following sys- 
tem,” the instrument is so connected to a 
machine tool, such as a jig-borer, that the 
machine’s cutting tool reproduces in 
metal a drawing “seen” by the electric 
eye. As the “eye”? moves along the lines 
of the drawing, the position of the cutting 
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tool is changed accordingly by mea 
an electronic control system. if 


The contour-following system has be 
designed to simplify the manufacture © 
irregularly shaped metal parts which a) 
difficult to make by hand-controlled mi 
chining methods. Through the use of tl 
new device, production of any shape ce 
begin as soon as an accurate drawing ht 
been made. 

The contour-following system, whid 
can follow a curve as small as that of tlt 
pupil of a human eye, scans the line of 
drawing through a low-power microscop} 
When the line is in the center of tlt 
microscope’s field, the electric eye sence 
out a signal, at a frequency of 60 cyel: 
per second, which is picked up by a 2 
tube electronic circuit. If the phase of th 
signal varies, indicating that the line 
not in the center of the field, the circu 
instantly sets mechanical guides int 
motion to bring the eye and microscor 
back into position. The jig-borer’s cuttin 
tool moves simultaneously. The instn 
ment does not vary from the drawn lin 
by more than 0.003 inch. 


The microscope and electric eye a1 
placed on a movable mount, which res 
on a lathe bed. The drawing to be repre 
duced in steel is set a fraction of an ine 
from the microscope on another movab! 
mount. The microscope and eye moy 
in their mounts to follow a line runnin 


‘left or right; when the line travels up « 


down, the drawing itself changes positic 
accordingly. These motions are tran 
mitted electrically to the controls on tk 
jig-borer. The electronic system whic 
enables the electric eye to follow a line 
located in a separate metal cabinet. 


Dual-purpose Locomotives 


An unusual type of dual-purpose direc¢ 
current locomotive has recently bee 
built for the Chilean State Railway. | 


For road service the locomotives opera 
with power supplied to four tractic 
motors directly from the 3000-volt d 
overhead line. In this service they have ¢ 
hourly rating of 1500 metric horsepow 
and a continuous rating of 1285 mett 
horsepower. 


In switching service, the motors opera 
at 1500-volt direct-current power su 
plied by a dynamotor-generator s 
which obtains power from the overhe 
line. 

Each locomotive has two operati 
stations and two pantographs; each is 
ft long and has a maximum permissil 
speed of about 50 miles per hour. 
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Shock-produced Slices 


hat is believed to be the thinnest slice ever 
ade by man—a metal shaving less than 0.000002 
nch thick—was recently cut by the high-speed 
icrotome, here shown about to slice a portion of 
athuman tooth. Severing of the ultrathin sections 
Ss credited to the presence of a shockwave, which 
orms in the sample before the blade, moving at 
ear-sonic speed, actually reaches any point in 
he specimen 


Brush-stabilizing Mechanism 


A device has been developed which is 
xpected to more than double the life of 
brushes and commutators in series-wound 
eavy-duty motors. Designed for frac- 
onal-hp motors used in portable electric 
pols, the new brush-stabilizing mecha- 
ism counteracts the wedging effect of the 
iommutator and causes the brush to ride 
eely in the brush holder. 


The device makes it possible to retain 
verload capacity of series-motor parts 
nd at the same time greatly increase 
rush life through the elimination of 
eflected vibration to the brush and the 
vedging of brush against brush holder by 
he force of the rotating commutator. 


The new mechanism has been designed 
9 interchange with standard - mecha- 
isms as outlined in the NEMA standardi- 
ation of series-wound motor parts. 
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Combination road and switch- 
ing locomotive, 77-ton 3000- 
volt d-c. No. 1 end at right 


The normal cartridge type of brush 
holder, as used on portable tools, consists 
of a brush holder, insulating tubing, 
brush-and-spring assembly, and a brush 
cap. 

The change to a_ brush-stabilizing 
mechanism involves the use of an angular 
brush top and the addition of a bracket to 
seat on this brush top. The brush-spring 
pressure is thus partially resolved into a 
horizontal component which corrects the 
brush wedging, improving commutation 
and increasing brush life. 

The addition of a roller to the bracket 
assures Close following of the brush on the 
commutator and longer commutator life. 


New Generator of “Silent Sound” 


There is a research instrument now in 
use which has scrambled eggs and homog- 
enized mercury and water during experi- 
ments with high-frequency sound waves. 

Called the “ultrasonic generator,’ the 
laboratory device produces sound waves 
pitched above the range of human hear- 
ing. The waves are generated by a wafer- 
shaped quartz crystal, which vibrates 
when voltage is applied across it. 

During experiments, water placed in a 
chamber above the crystal quickly dis- 
sipated into the air as a fine fog, and glass 
rods thrust into a fluid through which the 
waves were passing soon became hot 
enough to burn holes in paper. The in- 
audible sound can also be made to shatter 
glass tubes, mix paint, churn butter, and 
homogenize milk. 


Brush holder for a l4- by 
14g-in. brush, equipped with 
the new brush-stabilizing 
mechanism 
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The quartz crystal from which high-frequency 
sound waves are generated is submerged in oil in 
the translucent plastic case atop the cabinet 


The equipment was developed for 
research which seeks to determine prac- 
tical applications for ultrasonics, and has 
many possible applications in experimen- 
tal work in the biological, industrial, 
chemical, and physical fields. 

Various sizes of quartz crystals can be 
used to generate sound waves with fre- 
quencies ranging up to one-million im- 
pulses per second, the frequency depend- 
ent upon the size of the crystal used. The 
crystals are roughly similar in size and 
shape to a hockey puck. Energy of the 


waves generated is several hundred 
watts. 
The equipment is contained in a 


cabinet which resembles a small floor- 
model radio. Mounted on top of the 
cabinet is a transparent cylindrical case 
filled with oil and enclosing the crystal 
that emits ‘the silent waves. The oil 
serves to insulate the high-frequency 
voltage across the quartz and to transmit 
the sound waves to a test chamber directly 
above the crystal. 

Experiments with ultrasonics are con- 
ducted in the test chamber, a small, 
hollow cylinder with its base immersed in 
the oil and its top open to the air. Waves 
from the crystal travel into whatever fluid 
the chamber may contain. 
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new PRODUCTS: 


Switch 


A new and exceptionally small lever- 
action switch called the Lev-R switch, that 
offers many features of the telephone-type 
switch at relatively low cost. It is especially 
adaptable for use on all types of low-power 
switching applications such as television 
antenna rotors, small electric trains, money 
meters, communication radio, amplifier and 
sound systems, automotive and radio test 
equipment, signal systems, etc. 


It requires less than half the space usually 
necessary for a lever switch. Only one single 
hole is required for mounting. It is furnished 
in standard circuits, in both two- and three- 
position actuators, either type locking or 
nonlocking. Mounting hardware is nickle- 
plated brass, and black plastic knob is re- 
movable.— Switchcraft, Inc., 1828 N. Hal- 
sted St., Chicago 22, IIl. 


Precision Tachometer 


A new electronic pulse counter for meas- 
uring very high speeds. This tachometer 
equipment consists of a high-frequency pulse 
generator or pick-up, an electronic counting 
circuit, and two speed-indicating units: one 
for on-the-spot readings and the other for 
remote readings. 


The first of these pulse counters is now 
being used in testing the efficiency of steam 
turbines, measuring speeds in the range of 
0 to 17,000 rpm. In this application, a mag- 
netic pulse generator fits on the periphery 
of a drum which is attached to the shaft 
of the machine to be tested. The drum is 
magnetized, one side containing 150 mag- 
netic poles and the other side 1500. When 
rotated, the drum generates electrical im- 
pulses in the magnetic pick-up which are 
carried to the electronic circuit, and there 
counted at speeds equivalent to 50,000 cps. 
The indicators do the necessary calculation 
and interpolation, and flash on an opal 
glass screen, in figures approximately 1-in. 
high, the number of revolutions per minute. 
Continuous readings are made, and the 
figures on the screen change every second 
to indicate any variations in the rpm.— 
General Electric Co., Special Products Divi- 
sion, Schenectady 5, N. Y. 


Steam Generators 


New steam generators emphasize im- 
provements in basic operating features. A 
new type of high-atomizing burner nozzle 
utilizing a primary air supply assures pre- 
cise injection of fuel and air for efficient 
combustion at all firing rates. In addition, 
the nozzle design permits interchangeable 
oil or gas firing without requiring a change 
of nozzle. This design combined with the 
cyclonic-combustion principle maintains 
high combustion efficiency with either fuel. 


Also included is a simplified air-supply 
system, improved combustion and ignition 
programming controls, and a blower-air 
channel design that achieves quiet opera- 
tion. This line of generators is available in 
sizes ranging from 10 to 300 hp, and in 
pressures from 15 to 200 lb.—Cyclotherm 
Corp., Dept. 99R, 90 Broad St., New York 4, 
NaN 
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Surface Plate 


Steam Generators 
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Surface Plate 


A heavy cast-iron surface plate for layis 
out work, checking flat surfaces, and gener 
toolroom and shop use. This plate made 
special quality close-grained iron, having 
high resistance to wear, is heat-treated 
prevent distortion. The surface is precisic 
ground, and all edges are accurately m 
chined. The bottom is heavily ribbed ar 
has three-point support. 

Toolmaker’s V-blocks, supplied in matche 
pairs only, are also available for use with # 
surface plate. An additional item for u 
with the surface plate is the angle plat 
which is precision ground on 6 sides: _ 
serves as a square for laying out and settit 
up work, and it is suitable for checking ar 
finishing right-angle surfaces.—South Ber 
Lathe Works, 205 East Madison St., Sou. 
Bend 22, Indiana. 


Ceramic Capacitors 


Tiny wafer-thin disk ceramic capacito 
not only save chassis space but redu 
assembly time and improve the performan« 
of television and f-m receivers. These capa 
itors consist of a half-dime or dime-size 
ceramic plate of high-dielectric constar 
with silvered electrodes fired on both fac 
of the disk. Unidirectional leads are soldere 
to the silvering, and the capacitors a: 
coated with a tough moisture-resistat 
insulating resin. Such construction assur 
a neat fit across miniature tube sockets, < 
well as units that are efficient as higl 
frequency bypass capacitors. These dis 
capacitors have a high insulation resistance 
and they are also useful as coupling capa 
itors in low-frequency circuits.—Spragi 
Electric Company, North Adams, Mass. 


Tensiometer 


A new instrument, called a yarn tension 
eter, for obtaining accurate quantitatin 
data on tension conditions in textile spit 
ning. The device measures yarn tensio: 
and, by means of a recorder, gives a pe 
manent visual record of the measuremen 
It provides an accurate check on the tensic 
of yarn as it is wound on bobbins, enablir 
manufacturers to operate under optimu 
tension conditions and thus produce a fir 
uniform package of yarn. 


The equipment consists of a shaft, whic 
is bolted to the frame in place of the threa 
board; an armature strip which is connecte 
to the shaft; two coils or strain gages forr 
ing a balanced circuit on either side of tl 
armature strip; and a power supply. Rang 
of sensitivity are readily adjustable 
moving the coils closer to or farther fro: 
the armature, or by adjusting the stiffne 
of the blade itself — Special Products Dit 
sion, General Electric Co., Schenectady, N. - 


Plastic Cement 


Dekadhese, a new plastic cement, f 
solving tough adhesive problems in scien 
and industry. Preliminary tests and applic 
tion in critical scientific problems in mar 
research laboratories indicate that it w 
cement many unusual materials together- 
some for the first time. 
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Because of its absolute lack of color and 
fenuine clarity, a ready use has been found 
jor the cement in applications involving 
Mnvisibility and extreme clarity, such as the 
ementing of glass and acrylic and cellulose 
plastics. 


| This fast-drying cold-setting cement re- 
Moains permanently flexible, and does not 
#rystallize or become brittle. Other qualities 
nclude its high resistance to oil and gago- 
@ne, vermin and mold, and water and 
moisture vapor; high dielectric strength; 
find high wet-bond strength.—Hayes Re- 
Fearch Co., 678 Massachusetts Ave., Cam- 
bridge 39, Mass. 


Portable Saws 


A new line of Silver Line portable elec- 
ric saws, having long-shaft transverse motor 
ounting for extra power and longer tool 
ife. Six new types are available in 6-, 7-, 
B-, 9-, 10-, and 12-in. sizes. Special features 
include die-cast aluminum housings, fully 
reinforced and protected to withstand 
rough handling; steel inserts for bearings 
Jand threads to maintain critical parts in 
permanent alignment; built-in saw blower, 
which blows from the inside to keep cutting 
line clear and motor free from dust; steel 
rip guide with adjustments for any thickness 
of material being cut; giant switches, which 
give positive protection against accidental 
starting; smooth-operating automatic ball- 
bearing blade guard with rubber snubber; 
finger-tip control for depth and bevel cuts; 
complete ball-bearing construction using 
larger bearings than in other saws of this 
type; and convenient handles for better 
balance and easier handling.—Independent 
Pneumatic Tool Co., Aurora, Illinois. 


A-c Load Visualizer 


A new and improved a-c load visualizer, 
Type AF-2, combines five instruments in 
one. Besides serving as a standard ammeter 
and a voltmeter, the device can be used 
with a split-core or conventional instrument 
transformer to extend the range for deter- 
mining watts, vars, volt-amperes, and power 
factor. 


The instrument can be applied in load 
surveys, induction-motor tests, reactive- 
power studies, and power-factor checks in 
power and lighting circuits. The unit is 
self-contained to 50 amp; extensible to 1000 
amp by split-core current transformer. This 
provides a highly desirable hook-on feature, 
enabling surveys to be made without inter- 
rupting service or cutting conductors.— 
General Electric Co., Meter and Instrument 
Divisions, West Lynn, Mass. 


Flexible Abrasive 


A new abrasive for cleaning and polishing 
metals consists of a fine-grain abrasive ma- 
terial held together by a flexible bond and 
molded in stick form. This product makes 
regular commutator and slip-ring mainte- 
nance easy and insures good results. When 
held against a turning commutator it re- 
moves high-resistance film, dirt, and grease. 
Because it is nondusting, it does not affect 
the face of the brush or cause filling of 
commutator slots. It can be used while the 
motor or generator is in operation, since 
it is nonconductive and nonloading. In 
production and machine shops, the abrasive 
removes tool marks, scratches, or rust leay- 


ing a highly polished finish on copper, brass, |. 


bronze, iron, steel, aluminum, and other 
metals.—Ideal Industries, Inc., 1642 Park 
Ave., Sycamore, Ill. 
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recordings of voltages, pressures, strains, 


vibrations and countless other phenomena! ~ 


ink on paper recordings by Brush Oscillo- 
graphs make their use almost unlimited! 


signals can be measured. Whenever desired, record- 


ings may be stopped for notations on chart-paper! 


INVESTIGATE Brush measuring devices before you buy... they offer more 
for your money. Why not have a Brush field engineer call? At no obligation, 


of course. Just call or write, today, you will find it worth a few seconds’ time! 


THE 


Dubs 3405 Perkins Avenue e Cleveland 14, Ohio, U.S. A. 
MAGNETIC RECORDING DIVISION ¢ ACOUSTIC PRODUCTS DIVISION 


DEVELOPMENT CO. INDUSTRIAL INSTRUMENTS DIVISION © CRYSTAL DIVISION 


Canadian Representative: A. C. Wickman, (Canada) Ltd., P. O. Box 9, Station N, Toronto 14 
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NEW PRODUCTS (Continued) 


Lamp Ballasts 


A new line of stabilized-output ballasts 
for use with photochemical lamps. These 
ballasts are designed for manufacturers of 
blueprinting machines and similar photo- 
chemical apparatus which demand close 
control of lamp light output. They also com- 
bine a high-reactance transformer with a 


capacitor bank for high-power-factor opera- 
tion of a specific lamp at constant watts, 
under conditions of varying line voltage. 
At rated frequency, these stabilized-output 
units will maintain lamp watts within +2 
percent, even where the line voltage varia- 
tion is as great as +13 percent. The bal- 
lasts are of core-and-coil construction.— 
General Electric Co., Specialty Transformer 
and Ballast Divisions, Fort Wayne, Indiana. 


Micrometer Head 


A new type of precision micrometer head 
specifically designed for the electronics in- 
dustry. Of major interest in its design are 
the size, readability, and the antibacklash 
screw thread. Size of thimble is 2% in. 
diam; readability is made positive by use 
of yellow-colored scales against contrasting 
black anodized aluminum; and the anti- 


backlash screw thread, which also com- 
pensates for thread wear, provides ‘a 
positive spindle reading in either direction 
of rotation—an important feature for many 
electronic uses. Temperature compensation 
is accomplished by use of both an Invar 
spindle and nut, the spindle threads being 
hard chrome and the nut threads silver- 
plated to provide good wearing surfaces. 

The head is available in either English 
or metric scales with both 1-in. and %-in. 
thread travel offered in either scale.— 
Frequency Standards Corporation, P.O, Box 
66, Eatontown, N. J. 


Cable Jacket 


A new anticorrosion jacket applied at the 
factory to leaded cable of the type used by 
electric utilities. The corrosion-protective 
covering is a taped, vulcanized neoprene 
hose jacket applied in the following manner: 
The lead sheath is coated with an adhesive, 
and three glass-fabric tapes, impregnated 
and coated with a substantial thickness of 
neoprene, are then applied spirally. This is 
followed by a wrap of cotton-reinforced 
neoprene tape, with a 10-percent overlap. 
The jacket is then vulcanized, after which a 
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smooth wax finish is applied over the com- 
pleted jacket, the total thickness of which is 
nominally 0.079 in. 

This new protective covering offers many 
advantages. It allows a substantial reduc- 
tion in the thickness of the lead sheath, 
which in turn means that the cable is 
lighter in weight and smaller in diameter 
than usual. The use of this neoprene jacket 
also gives a much longer service life to the 
cable.—Construction Materials Dept., Gen- 
eral Electric Co., Bridgeport 2, Conn. 


Stainless Steel 


An unusual combination of advantages is 
provided in a new grade of stainless steel 
called Armco 17-4 PH. This alloy has high 
hardness and strength, excellent corrosion 
resistance, good fabrication characteristics, 
and requires only a low temperature (850 
to 1000 F) hardening treatment. It can be 
used for gears, cams, shafting, chains, 
valves, and pump parts in equipment where 
high mechanical properties and corrosion 
resistance better than can be obtained with 
present standard hardenable grades are 
necessary. 

Containing chromium, nickel, and copper, 
this alloy has a corrosion resistance superior 
to that of the standard hardenable alloys 
and approaching that of 18-8. Hardness 
values of Rockwell C40 to 45 are obtained 
by precipitation hardening. 

Since only an easily removed surface dis- 
coloration is produced in this process, parts 
can be finish machined before hardening. 
This eliminates expensive grinding or finish 
machining normally required after that 
treatment.—Armco Steel Corp., Middletown, 
Ohio. 


Flow-measuring Instrument 


A precision air meter which has two 
ranges for measurement of air velocities in 
the range of 0 to 400 and 400 to 6000 fpm. 
The instrument will measure air velocities 
as low as 6 fpm. The meter is applicable to 
the measurement of air velocities in ducts, 


flow in air and gas lines, surveys of heating 
and air-conditioning systems, process con- 
trol and meteorological studies. 


Operation of the instrument is based on a 
combination of the hot-wire and thermopile 
principles. This arrangement increases ac- 
curacy by eliminating errors due to air- 
temperature variations. The output is suit- 
able for remote indication and operating a 
standard strip- or circular-chart electrical 
recording instrument.—Hastings Instrument 
Co., Inc., Box 1275, Hampton, Virginia. 
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Tubular Insulation 


A new braided Fiberglas tubing and sleey\ 
ing, known as BH 649, with superior ph. 
ical and dielectric properties. It stands 
under rough treatment, such as knotti 
twisting, and direct flame, without sign « 
insulation breakdown. It can be cut cleani 
thus making wire threading easy because 
there are no frayed ends. . 

This insulation has met severe laborator 
heat tests. Potting temperatures of 450 F 
up to 60 min may be used, or the insulation 
may be exposed to 220 F for 96 hr with 
practically no physical change or loss of 
dielectric strength. The megohms resistance 
is 50,000 when dry, 10,000 when wet.— 
Bentley, Harris Manufacturing Co., Con 
shohocken, Pa. 


Floating-speed Regulator 


A new U1-83 floating-speed regulator 
simple to operate and easy to adjust fon 
Drill-More capacity control. Speed steps 
and cycling are eliminated; average air pres- 
sures are 15 to 20 psi higher; and savings in 
fuel are up to 40 percent. 

Whenever less than full capacity of the 
compressor is used, this regulator slows 
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down the compressor to the lowest practical 
working speed that compresses just enough 
air to hold the pressure. When the air 
demand changes again, the speed “floats” 
up or down to the exact speed required. 
Compressor cylinders unload only when 
the minimum speed delivers more air than 
needed. After reloading, the compressor con- 
tinues to operate at low speed unless a 
greater use of air causes it to speed up. 
Wasteful idling is eliminated, and wear and 
tear on all parts is reduced.—Ingersoll-Rand 
Co., 11 Broadway, New York 4, N. Y. 


Rural Package Substations 


_ Complete ready-to-install substations de- 
signed for use on rural systems and available 
in any one of four basic arrangements. These 
package substations are designed and manu- 
factured as a unit. The fabricated steel 
structure, transformers, switchgear, light- 
ning arresters, all components, necessary 
hardware, erection diagrams, and drawings 
are included in each installation. | 

Ratings range from 300 to 1500 kva, 
22,000 to 69,000 volts (incoming), 12,470Y/ 
7,200 or 13,200Y/7,620 volts (outgoing). 
Building-block design readily permits capac- 
ity to be added or removed in easily 
handled blocks of power. They are shipped 
in factory-assembled sections as large as 
shipping and handling facilities permit.— 
Apparatus Department, General Electric Co., 
Schenectady 5, N. Y. 
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(Available books may be purchased through the GENERAL ELECTRIC REVIEW for domestic delivery; none sent on approval.) 


ELASTOMERS AND PLAsToMERs: Vol, III— 
Testing and Analysis; Tabulation of 
Properties 


Edited by R. Houwink—Elsevier Publish- 
fo” Inc., New York. 1948. 174 pp. 


This volume of Elsevier’s polymer series 
deals with the testing of elastomers and 
plastomers, standardization of methods of 
testing, methods for complete chemical 
analysis, and summary charts of the 
properties of the polymers. Each topic is 
penciled by an accepted authority in the 
eld. 
The chapter on Methods of Testing 
describes the tests used today and empha- 
sizes the factors which influence the test 
results. A real attempt is made to explain 
the practical significance of the results 
obtained by these test methods. The 
author’s approach to the subject—namely, 
that while only a start has been made to 
date, progress indicates that a good start 
has been made—is essentially sound and 
worthy of keeping in mind at all times. 

The treatment of chemical analysis of 
polymers deals with methods of identifica- 
tion and methods of complete chemical 
analysis of practically all polymers after 
identification. The subject is handled in a 
masterful manner and the procedures appear 
technically sound. 

The tables of properties of both the 
elastomers and plastomers are complete 


Pulp Products Department 
WEST VIRGINIA PULP & PAPER COMPANY 


35 E. Wacker Drive, Chicago, Ill. 


230 Park Avenue, New York, N.Y. 
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with respect to properties and materials 
handled. The listing of some properties in 
both the cgs system and ‘the Anglo- 
American system is helpful and time-saving. 
In conclusion it may be stated that the 
subjects are well presented and well docu- 
mented and the book should be of interest 
to those working in the field of plastomers 

and elastomers. 
dais leatavin 


PATENT Law (Second Edition) 


Chester H. Biesterfeld—John Wiley & 
Sons, Inc., New York. 1949. viii + 267 pp. 
$4.00. 


Extensive revisions have made the present 
edition of this book a great improvement 
over the first, which it was this writer’s 
privilege to review for the GENERAL ELEc- 
TRIC REVIEW. 

Mr. Biesterfeld, being the head of the 
Patent Department of the Du Pont Com- 
pany, has had extensive experience in the 
practice of patent law and draws upon such 
experience in setting forth clearly and con- 
cisely the problems involved in obtaining 
and maintaining patent rights. He has the 
faculty for reducing technical subjects to 
readily understood language. 

The author handles in an especially 
erudite fashion the problems peculiar to 
patent claims which define the scope of 
the patentee’s domain. His treatment of 
the difficult subject of what constitutes 


patentable invention is quite comprehensive. 
It is regrettable that shortly after the 
author completed this revision of the first 
edition of his book, the United States 
Patent Office revised its Rules of Practice 
by renumbering them and modifying 
many of the provisions of the rules, es- 
pecially those rules relating to appellate 
and interference procedures. That fact, 
however, need not deter persons from read- 
ing and owning this book, because it is one 
ot the more palatable attempts to interpret 
the law of patents for persons both unversed 
and versed in the subjects. Patent attorneys 
will find the book a ready source of decisions 
interpreting many intricate questions of 
patent law. 
JosEPH T. COHEN 
VIBRATION 


ELEMENTS OF MECHANICAL 


(Second Edition) 


C. R. Freberg and Emory N. Kemler— 
John Wiley & Sons, Inc., New York. 1949. 
xii + 227 pp. $3.75. 

In every branch of engineering, vibra- 
tions are present. Some vibrations are 
objectionable, because they cause noise, 
excessive wear, or failure of parts. Others 
are desirable, because they are pleasing to 
the ear or perform some useful function. 

Whatever the application, it is necessary 
to understand these vibrations in order to 
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' pF AND VIDEO COMPONENTS 


FW!.. FOR PRECISE CONTROL 


of continually developing new components to meet the ee 
first to offer video and radio frequency fixed and variable “le 
which have come to be synonymous with 1g peat alte 
tch design, finest materials and accurate, efficient perform , 


In keeping with the Daven policy 
try's new needs, we are once again first 
These units embody the characteristics 

. excellence of workmanship, top-no 


TYPE V-154 


CIRCUIT: ‘'T'' network or equivalent. 
IMPEDANCE: 75 ohms. 
LOSS: 1 to 20 DB. 
ACCURACY: + 1% at D.C. 
FREQUENCY CHARACTERISTICS: 
Essentially flat to 10 MC. 


S. TYPE RF-155 


CIRCUIT: z network. 
IMPEDANCE: 50 ohms. 
LOSS: 5 to 20 DB. 
> ACCURACY: + 2% at D.C. 
IMPEDANCE ACCURACY: Same as series RF-540 


SERIES V-250 


CIRCUIT: ‘‘T’’ network. 
IMPEDANCE: 75 ohms. 
RESISTOR ACCURACY: 

== 1% at D.C. 

FREQUENCY CHARACTERISTICS: 
Essentially flat to 10 MC. 


SERIES RF-540 


CIRCUIT: z network. 
IMPEDANCE: 50 ohms. 


ny NO. OF STEPS: 4 (push- 
buttons.) 


RESISTOR ACCURACY: 
=n Do at D.C. 


IMPEDANCE ACCURACY: 


Terminal impedance of 
loss network essentially 


TYPE NO. OF STEPS DB PER STEP TOTAL DB 


flat from 0-225 MC. V-250 10 1 10 
LOSS: y V-251 10 2 20 
Type RF-540—1, 2, 3, 4 DB (10 DB total.) Yj V-252 20 1 20 
Type RF-541—10, 20, 20, 20 DB (70 DB total.) Spgmr> v-253 20 2 40 


Type RF-542—2, 4, 6, 8 DB (20 DB total.) 


4 “y ; T it . . . = . = 
Type RF-543—20, 20, 20, 20 DB (80 DB total.) Gamer hese Units wil os supplied ie eee 


nectors or regular terminal boards with lugs. 


NOTE: A video push-button control, similar to 


4 w the R.F. push-button unit shown, is available. 
fnteignatwaenercters: j ater gs tt will be fur- 
i A 

In field strength measuring equipment. 4U, we ome 
Nucleonic and atomic research. j 
Television receiver testing. Gi, Ac ‘ 
Wite-band amoliners 4 etna video circuits vi 

i requency range withou 
Pulse amplifiers. Coa > change of impedance is of special 
Any application where attenuation of importance. 
UHF is required. GN Wide-band amplifiers. 


Pulse amplifiers. 


191 CENTRAL AVENUE 
NEWARK 4, NEW JERSEY 


OOK REVIEWS (Continued) 


liminate or produce them. This book 
reats vibrations from the fundamental 
oncepts. The more elementary phases of 
bration are considered and placed in such 
form that they can be readily applied to 
ractical problems. An extremely wide 
ange of these problems is treated, and 
ccompanying each one is a clear, adequate 
‘Xplanation. Closely associated with vibra- 
ion is sound; and a short, comprehensive 
hapter has been added to the book, pre- 
enting the practical aspects of sound and a 
ew of the fundamentals of acoustics. 

A novel feature is a detailed and clear-cut 
explanation of the mobility method for 
andling vibrations. This method eliminates 
she use of differential equations, making it 
boon to one who is a bit rusty. 

The authors have succeeded in producing 
n excellent book for beginners in the study 
f vibrations. 

H. C. Warp 


ROCKET PROPULSION ELEMENTS 


George P. Sutton—John Wiley & Sons, 
Inc., New York. 1949. ix + 294 pp. $4.50. 


To anyone new in the engineering of 
rockets, or to those who want to re-examine 
the fundamentals of modern rocketry, this 
book is an excellent introduction, Beginning 
with a definition of terms used in that 
branch of engineering and a short history 
of rocketry, the basic thermodynamic 
relations and performance criteria are 
developed and applied to typical design 
problems. 

The middle third of the book deals 
exclusively with liquid rockets. This em- 
phasis is not unfounded, since the great 
bulk of modern rockets—past, present, and 
on the drawing boards—are of the liquid 
type. After a thorough but lucid discussion 
of propellant performance, the physical and 
chemical properties of various liquid pro- 
pellants are described. These sections will 
be well appreciated by engineers who have 
not had much chemical training. Considera- 
tions of liquid-rocket motor design are 
followed by typical sample calculations. A 
chapter on liquid-propellant feed systems 
includes a close examination of the V-2 
power plant. 

The closing chapters deal with the calcu- 
lation of flight performance, together with a 
‘comparison of rockets, ramjets, turbojets, 
and propeller-drive aircraft. Rocket testing 
and solid-propellant rockets are given 
brief but, for this type of book, adequate 
coverage. 

The many excellent illustrations and the 
author’s actual experience add to making 
this book a good basic rocket-design 
manual. 
RosBert V. KLINT 


‘ELECTRIC AND DIESEL-ELECTRIC LocoMo- 
TIVES 
D. W. and M. Hinde—The Macmillan 
Co., New York and London. 1948. 376 pp. 
$9.25. 
_ Since railroad motive power in the United 
States seems to be well on the way toward 
electrification in one way or another, 
Electric and Diesel-electric Locomotives should 
be received with considerable interest by 
those interested in modern railroad motive 
power. , 
The book is almost exclusively descrip- 
tive. of electric and diesel-electric motive 
power and omits entirely data pertaining 
to their application and economics. 
chapter on economics and applications, a 
more comprehensive treatment of why elec- 
tric drive is used so extensively with the 
self-propelled units, and brief descriptions 
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of the speed-tractive effort characteristics 
of the several types studied would add ma- 
terially to the usefulness of the volume. 

The relative rapidity with which the 
diesel-electric is finding acceptance and the 
consequent rapid development of new 
models, refinements to control systems 
and equipment, coupled with the fact that 
the past two years have witnessed the 
construction of some notable electric loco- 
motives in the United States and abroad 
make difficult the task of bringing out a 
strictly up-to-date text on the subject 
selected. 

One of the outstanding features of the 
present volume is the comprehensive tabu- 
lation of 90 pages giving detailed data on 
the principal designs of both types of 
locomotives (and two steam turbine-electric 
machines) produced throughout the world 
in the period 1925-1947. 

T. F. PERKINSON 


STANDARD HANDBOOK FOR ELECTRICAL 
ENGINEERS (Eighth Edition) 
Archer E. Knowlton, Editor-in-chief— 
McGraw-Hill Book Co., Inc., New York. 
1949. xi + 2311 pp. $12.00. 


With the passing of years, this Handbook 
has become an institution of generous 
and familiar feature, to which engineers 
turn almost instinctively for aid. This new 
edition becomes available rather promptly 
to serve in the period of readjustment and 
transition that follows a war. Many of the 
new products, materials, and techniques 
that have come into use within the past ten 
years or so will find a permanent usefulness, 
and hence must inescapably become hand- 
book material. In the present volume, such 
matters have received attention in the text. 
New pages have been included to keep 
abreast of developments in electronics, 
servomechanisms, airplane power systems, 
nuclear research, magnetic materials, con- 
ductors, and insulations. 

Specifically, text material pertaining to 
radar, loran, and other new microwave tech- 
niques has been added; carrier-current com- 
munication, relaying, and telemetering text 
has heen amplified; likewise, the material on 
hightvoltage generators includes new de- 
velopments such as the betatron. A new 
chapter on nuclear energy and radioactivity 
takes its place with the earlier treatises on 
ultraviolet energy and x rays in the section 
on electrophysics, which concludes the text. 

The section including industry codes and 
standards has been modified drastically. 
Possibly in deference to the modern pen- 
chant for designations by initial, a listing 
of initials used to identify engineering 
societies, industrial associations, and govern- 
ment bureaus is included; this, together 
with a skeletonized guide, is substituted for 
the extensive specific listing of published 
standards that appeared in the seventh 
edition. : 

In general, the handbook is a counter- 
part of its predecessor in content, arrange- 
ment, and dimension. There has been a 
slight rearrangement of tabulations, which 
are now usually designated by Table num- 
bers. The-+bibliographic material has been 
revised, and many new references are in- 
cluded. A new numbering system for illus- 
trations and equations keys the individual 
item with its particular section. 

The apt little proverb that introduces 
the Handbook’s index might well be para- 
phrased into a tribute to the experts who 
compiled it, for this index has been abun- 
dantly amplified through the concentrated 
attention of the editors: ‘“‘An- expert. is 
largely a man who knows where and how 
to find the answers.”’ And this, in a sense, is 
the complete argument for a good hand- 


book. 
J. E. Giicxk 
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No. 525 
NATIONAL 
METAL SHOW 
Cleveland 


A simple 
method of 
determining 
safe operating 
temperatures 
for: 

¢ BUS BARS 
¢ POWER TUBES 


@ TRANSFORMERS 
and other electrical 


equipment. 

also in: Also 
° MOLDING available 
© CASTING in pellet 
¢ FORGING and 
¢ DRAWING liquid 
¢ HEAT TREATING 7m 
© WELDING 

¢ FLAME-CUTTING, etc. 


It's this simple: Select the 
Tempilstik®- for the working 
temperature you want. Mark 
your workpiece with it. When 


4 gives up 
the Tempilstik mark melts, to 2000 
the specified temperature has readings 


been reached. 


Available in these temperatures (°F) 


— While we cannot supply. 
free Tempilstiks°, we will 


FRE: 


be glad to send you sample Pellets or 
sample Tempilag® (liquid form) for trial 
under your actual working conditions. 
Be sure to state the temperature of 
interest to you. 


=¥0 
Tempil’ corp. 
134 WEST 22nd STREET 
New York 11, N. Y. 
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lastrument’s Nerve Center . . . dew point is plioto-electrically re- 
corded as it passes through mirrored chamber, indicated by pencil. 


Natural gas, produced in Texas, and piped to the 
mile-high city of Denver, carries some water vapor. 
As in all gases, if the vapor is excessive, a reduction 
of volume or temperature causes the vapor to con- 
dense into water. Lowering temperature at high 
pressure causes the formation of hydrates or pipe- 
line ice, which shuts off the flow of gas, and inter- 
rupts service. 


This was the problem faced by the Colorado 
Interstate Gas Company. To prevent winter freeze- 
ups required controlling the water content in the 
gas in relation to temperature and pressure. This 
demanded an equipment that would give an ac- 
curate and continuous recording of the water 
content as the gas passed through the pipes. 


Engineers from Interstate Gas and General 
Electric put their heads together. By employing a 
photoelectric tube to replace the human eye and 
get ‘‘the desired continuous recording,”’ they con- 
ceived and constructed a dew-point recorder. 


Realizing the importance of this instrument to 


Gave Industry a New Testing Machine 


industry, General Electric engineers made further 
studies and developments. The result was an 
improved dew-point recorder. 

It gave industry an instrument that determines 
quickly and records continuously moisture content 
of gases! An instrument from which the possibility 
of human efror has been eliminated. Dew-point 
temperature measurements now can be made with 
an accuracy of better than five degrees at minus 
90 degrees F, or two degrees above 20 degrees F. 

General Electric engineers have helped solve 
thousands of problems for industry. Frequently, 
the result has been a new testing and measuring 
equipment. Equipment that today is saving time 
and money for industry! 

Your problem may justify a development pro- 
gram to create a new product, particularly if it is 
common to industry. Or, maybe, our engineers can 
recommend an instrument from the many testing 
and measuring equipments already available... 
proved equipments that are doing similar jobs. 
Write us about your problem. Maybe we can help 


you. Apparatus Dept., General Electric Company, 
Section 800-41, Schenectady, N. Y. 


Vacuum and Pressure 
Measuring Equipment - 


Chemical Analysis 
Equipment 


Color, Light and 
Spectro Equipment 


7 er 
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COLOR . . « Spectrophotometer pays 


for itself in one project 


Ten years ago, the Harshaw Chemical Company developed a 
new opacifier, called Uverite, to replace tin oxide. A G-E record- 
ing spectrophotometer more than paid for itself on this first pro- 
ject. But the important news is this: Harshaw’s chemists say ithas 
been paying for itself repeatedly since then by giving quick re- 
sults and a permanent record for color analysis, comparison, etc. 


Many other users are finding this high-precision laboratory in- 
strument valuable for such jobs as matching colors, mixing 
pigments, making color analysis, measuring gloss, standardiz- 
ing colors, preparing color specifications, etc. It has been adopted 
by the American Standards Association as the basic color- 
measuring instrument. Write for GEA-3680. 


VACUUMS and PRESSURES... 


Leak detector pays for itself the first month 


For testing high-frequency vacuum tubes for leaks, a well- 
known laboratory installed a G-E leak detector. Previous methods 
were slow, inconsistent, and inaccurate. 


The leak detector proved itself quickly. It made it possible to find 
leaks many times smaller and much faster, recheck suspected 
leaks quickly, and assured vacuum tightness of the tubes. 


General Electric has leak detectors available for either vacuum 
or pressure systems... detectors sensitive enough to find a leak 
so small that a quart of air would require 15,000 years to pass 
through it. Write for GEA-4640 and GEC-233. 


General Electric Co., 
Section H800-41 
Schenectady, N. Y. 


FREE CATALOG... 
fives you information on 100 equipments 


Please send me the new Specialized 
Here is information on approximately 100 widely-used 
specialized testing and measuring equipments packed 
into 44 pages. This information includes description, 
pictures, specifications and prices ... on time and money Nanie 
saving equipments for nearly every industrial process. 


Testing and Measuring Equipment 
Catalog, GEA-639. 


Com pan yet es ae eee ee enc ay ee 
Maybe there are equipments that will help you solve 4 
your production headaches. Fill out the coupon and Position... nono n nanan nnn 
mail it today for your free copy! Reda ale eae ORE 
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—— 
Time, Speed and Torque Electric Circuit Materials Testing Equipment Resistance and Insulation 


mm GENERAL @ ELECTRIC 


Magnetic Equipment 


TRADE LITERATURE 


ALLoy CHAaIN—Complete specifications are 
given on sizes 44-in. to 134-in.. diam; work- 
ing load limits, definitions and cautions, 
recommended use, and details of chain 
service for Taylor Made alloy steel chains, 
sling chains, and attachments. Well-organ- 
ized pages of tabular data quickly provide 
answers to questions. Twelve pages.—S. G. 
Taylor Chain Co., Hammond, Ind. 


CaBLE—Brief descriptions, together with 
prices, are given for a complete line of soft- 
temper semiflexible coaxial or solid dielec- 
tric cables, rigid coaxial transmission lines 
with solder or flanged fittings, gas equip- 
ment, antennas, and components. Twenty- 
one pages. Bulletin 10B.—Andrew Corp., 
863 East 75th St., Chicago 19, Ill. 


ELECTRONIC COMPONENTS—An important 
feature is the summary price sheet which in 
table form presents the highlights of the 
entire catalog. The material is subdivided 
into sections on terminal lugs and boards, 
swagers, coils and chokes, hardware, and 
insulated units. Seventy pages. Catalog No. 
300.—Cambridge Thermionic Corp., 445 
Concord Ave., Cambridge 38, Mass. 


INSULATING MATERIALS—A publication de- 
scribing Fiberglas and Fiberglas base ma- 
terials for insulating wire, cable, and elec- 
trical equipment of all types. Photographs, 
charts, and tables cover types of materials 
and properties. Thirty-six pages; Sources of 
Supply. Four pages.—Owens-Corning Fiber- 
glas Corp., Textile Products Div., 16 East 
56 St., New York 22, N. Y. 


MeraL FraMiING—Contains pictures, data, 
and detailed information on how to frame, 
hang, support and mount various equip- 
ment by the Unistrut way. Centerspread of 
application photographs. Twenty-four pages. 
Catalog No. 500.—Unistrut Products Co., 
10138 W. Washington Blvd., Chicago 7, IIl. 


Moror Controit—A simplified guide to the 
selection and application of commonly 
used types of a-c motor control. Lists 
standard controls and describes operation; 
discusses the use of magnetic and manual 
control; and shows when reduced-voltage 
starting is necessary. Sixteen pages. GEA- 
4015E.—A pparatus Dept., General Electric 
Co., Schenectady 5, N. Y. 


MountING MATERIAL—A_ description of 
Elasto-Rib, a low-cost cork-and-rubber 
mounting that requires no bolting or 
cementing for the majority of applications, 
used for control transmission of vibration 
and noise. Methods of installation are 
described and illustrated, and likewise 
three types of damper. Four pages. Catalog 
ER-701.—Karfund Co., Inc., 48-21-K Thir- 
ty-second Place, Long Island City 1, N. Y. 


Oi, Fuse Cutouts—For both indoor and 
outdoor service. Information concerning 
basic advantages, exclusive features, prices 
and data, dimensions, kva ratings, and gang- 
operating mechanisms represent but a few 
of the many pertinent facts presented on 
these various types of oil fuse cutouts. 
Forty pages. GEA-732K.—A pparatus Dept., 
General Electric Co., Schenectady 5, N. Y. 
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OILERs—A presentation of the latest line 
of visual oilers; includes gravity- and wick- 
feed, constant-level, vibrating-rod, and 
multiple oilers. Complete specifications are 
given for each oiler. Eight pages.—Gits 
Bros. Mfg. Co., 1846-66 So. Kilbourn Ave., 
Chicago 28, Til. 


TIMERS—Details are given on Minitmaster 
timers offered in 11 models to meet the 
various requirements of ranges, washers, 
refrigerators, and similar appliances. Four 
pages.—Telechron Inc., Ashland, Mass. 


VALVES AND CONTROLLERS—Seven bulletins 
under this general subject are offered, but 
specific types are treated individually in 
each catalog. Details of special construction 
features, typical applications, and deter- 
mination of valve sizes are given together 
with schematic drawings, photographs, flow 
and capacity charts, and dimension tables. 
The bulletins are: ‘‘Hi-Lift V-Port Indicat- 
ing Type Hand Control Valves,’ twenty 
pages, Bulletin No. 242-1; ‘‘Series 700 Dia- 
phragm Control Valves,” thirty-two pages, 
Bulletin 700-1; ‘Regulating Valves for 
Water, Steam, Air, Gas, or Oil,” twenty- 
four pages, Bulletin No. 10-1; ‘Liquid Level 
Controllers,” thirty-two pages, Bulletin No. 
48-1; ‘‘Pilot Single Seat Fully Balanced Reg- 
ulating Valves,” twenty-four pages, Bulletin 
No. 47-1 “Schaefer By-pass,’”’ four pages, 
Bulletin No. 254-1; ‘““On-Orr Air-operated 
Diaphragm Control Valve,’’ four pages, 
Bulletin No. 350-1.—Belfield Valve Divi- 
ston, Minneapolis-Honeywell Regulator Co., 
Philadelphia 44, Pa. 


Factory-fitted to most Clar- 
ostat carbon and wire- 


wound controls. 
yr 


Control-to-ground break- 
down rating better than 
10,000 volts. 


New design eliminates 88emblies. 


troublesome backlash. Per- 
mits more critical settings. 


and KEMUUU 


CLAROSTAT MFG. CO., INC. 


54 


% Just the thing for TV sets, oscillo- 
os graphs and other high-voltage electronic 
Safe operation! 
design—straight-through plastic shaft. 
Simpler. Better. Cheaper. * Write for 
details. Let us quote. 


Improved 


DOVER, N. H. 
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Compact! Complete! 
Vupinttely Variable! 


@ Exceptionally Small 
@ Adjustment Range 36:1 
@ Nominal Max. H.P. Output.025 date any nominal input or output 
@ Speed to 20,000 R.P.M. A a 
@ Rotation Either Way 


WRITE FOR BULLETIN 99 


« Whelton 


Metron Miniature Variable Speed 
Drive is the answer to a grow- 
ing demand for small, complete 


units, Can _be supplied with 
Metron Miniature gear units on 
either or both ends to accommo- 


speeds. Ideal for low power ap- 
plications such as indicators, re- 
corders, computors, 


: f regulators, 
business machines, etc. 


METRON INSTRUMENT COMPANY 


448 Lincoln St. © Denver 9, Colo. 
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LIBRARY NOTES 


ON ARTICLES IN OTHER TECHNICAL JOURNALS 


ADHESIVES 


NATURE OF ADHESION. Nat. Bur. Stds. Tech. 
News Bul., June 1949; v. 33, pp. 67-69. 


Summarizes the results of tests on various 
kinds of adhesives. 


SHEAR IMPACT AND SHEAR TENSILE PRop- 
ERTIES OF ADHESIVES, by Irving Silver. 
Modern Plastics, May 1949; v. 26, pp. 
95-97, 136-138. 


Describes test methods and results apply- 
ing to resinous adhesives. 


AIR CONDITIONING 


ANTICORROSION MEASURES NECESSARY IN 
AIR-CONDITIONING SysTEMs, by Joseph I. 
Montel. Refrig. Engng., Apr. 1949; v. 57, 
pp. 346-347, 384. 
A series of tests on metal samples, in- 
dicating the value of continuous chemical 
treatment for open recirculating water 
systems. 


AUTOMATIC DEHUMIDIFICATION OF VENTED 

ENcLosurEs, by Max F. Mueller. Heat & 

Vent., Apr. 1949; v. 46, pp. 73-76. 
Describes the use of the sun’s heat to 
reactivate silica gel through which the air 
of an enclosure is forced by natural ex- 
pansion and contraction—the principle 
behind the Solar Radiation Breather, a 
device developed for Army Ordnance to 
preserve materiel. 


COAL 


Liguip FUEL FROM CoaL, by Merritt L. 
Kastens and others. Ind. & Engng. Chem., 
May 1949; v. 41, pp. 870-885. 


A staff-industry collaborative report. 


COAL MINING MACHINERY 


Continuous MINER, by Richard K. Lotz. 

Mach. Design, May 1949; v. 21, pp. 88-94. 
Illustrated description of the Joy Con- 
tinuous Miner, a machine for cutting coal 
from the seam face by means of carbide- 
tipped bits mounted on electrically driven 
chains. The machine also conveys the 
coal to the mine car. 


COMPRESSED AIR 


Six Ways TO STEP Up EFFICIENCY OF Com- 
PRESSED-AIR SYSTEMS, by Wm. H. Wheeler. 


Factory Man. & Maint., May 1949; v. 107, 


pp. 122-124. 
Efficiency of operation of compressed-air 
systems depends on several factors. What 
these factors are and how they foster 
economy is explained here. 


ELECTRIC CONTROL SYSTEMS 


SomE MACHINE-TOOL CONTROL CIRCUITS, 
by L. Hesse. Elec. Mfg., May 1949; v. 43, 
pp- 110-115. 
Three examples demonstrating the effec- 
tive combination of air and hydraulic 
circuits with electric controls to simplify 
mechanical design, reduce maintenance, 
and increase the flexibility of functions. 


CONTROLLING MACHINES WITH ELECTRONIC 


CounTErRs, by Earl B. Hitchcock. Mach. 


Design, May 1949; v. 21, pp. 112-117. 


- 


Description of the use of the decade 
counter. 


September, 1949 
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ELECTRIC DRIVE 


Motors FOR HIGH-INERTIA Loaps, by 
ao Oman. Power, May 1949; v. 93, pp. 
18-119. 


A summary of salient points to consider 


in addition to the method of computing 
the load’s moment of inertia. 


ELECTRICAL CONTROLS IN THREAD-GRINDER 
Desicn, by E. V. Flanders. Mech. Engng., 
May 1949; v. 71, pp. 381-388. 
Electrical methods, as a substitute for 
mechanical or hydraulic means, for the 
control of movements in thread-grinding 
machines. 


ELECTRIC LIGHTING 


New APPROACH TO ROOM LIGHTING, by 
Parry Moon. Iilum. Engng., Apr. 1949; v. 
44, pp. 221-225. 
To achieve an ideal luminous environ- 
ment, it is considered necessary for the 
illuminating engineer to be able to predict 
whether the design will be satisfactory 
visually and psychologically. 


FLUORESCENT LIGHTING Costs, by R. G. 
Slauer. Elec. Wid., Apr. 23, 1949; v. 131, 
pp- 96-98. 


Diversity of types and sizes of fluorescent 
sources prevents generalized conclusions 
on costs. At the moment, however, ac- 
cording to this article, the 40-w T-12 
lamp seems to have the edge. 


LIGHTING CosT COMPARISONS, by R. G. 

Slauer. Elec. Wid., Apr. 9, 1949; v. 131, pp. 

91-93. 
For lighting of large areas it is here ac- 
cepted that fluorescent will cost less than 
incandescent lighting, although rigorous 
cost comparison is admitted to be dif- 
ficult and not. necessarily determining 
even in a specific case. 


ELECTRIC MACHINES 


LOSS-REDUCTION PRACTICES ON ELECTRIC 
Power Systems. Elec. Li. & Pr., May 1949; 
v. 27, pp. 66-67, 146-148. 
A study of the magnitude and distribu- 
tion of electric power system losses in 
the U. S. 


VAPORIZATION COOLING OF ELEcTRIC Ma- 
CHINES, by T. de Koning. Elec. Engng., May 
1949; v. 68, pp. 385-392. 
Describes the fundamentals of vaporiza- 
tion cooling, the electric machines with 
this cooling, and the effect of the coolant 
upon the insulation and other interior 
parts. 


ELECTROMAGNETIC THEORY 
ELECTROMAGNETIC INDUCTION, by George I. 
Cohn. Elec. Engng., May 1949; v. 68, pp. 
441-447. 
Attempts to dispel the confusion sur- 
rounding the subject. 


HELICAL GEARS 


HeELicaL GEARS TO REPLACE SPUR GEARS, 
by Carl A. Johnson. Mach, Design, May 
1949; v. 21, pp. 149-153. 
The accompanying tables list the total 
number of teeth and the helix angle for a 
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pair of helical gears to replace a pair of 
spur gears of the same pitch and any total 
number of teeth from 30 to 107: 


MACHINE SHOPS 


INDEXING FIXTURES AND AUTOMATIC Cy- 
CLING Cut PropucTION Costs oN Dyna- 
FLOW Parts, by Herbert Chase. Steel, May 
9, 1949; v. 124, pp. 98-101. 
How tool engineers at Buick, foreseeing 
increasing adoption of torque converters, 
equipped a new plant to handle the cur- 
rent volume efficiently, with ability to 
deal with heavier demands in the future. 


MACHINE TOOLS 


CUTTING THE Costs OF CuTTING TooLs, by 
D. G. Baird. Mill & Factory, May 1949; v. 
44, pp. 112-115. 


Some spectacular results in cost data, 
obtained from comparative tool tests by 
the Tool Research Department of Ford 
Motor Company. 


WHEN AND How TO USE CARBIDE-INSERT 
CurtinG Toots, by J. S. Gillespie. Iron A ge, 
May 12, 1949; v. 163, pp. 84-89. 
How tools and toolholders should be de- 
signed, applied, and maintained, with 
particular emphasis on the holder design 
and the grinding of the inserts. 


MEASURING INSTRUMENTS » 


PuLsE HetIcut DistRIBUTION ANALYZER, by 
William E. Glenn, Jr. Nucleonics, June 
1949; v. 4, pp. 50-61. 


Description of a device which makes it 
possible to plot alpha-particle energy 
against the number of particles emitted 
of that energy. 


REVIEW OF METHODS FOR COATING-THICK- 
NESS DETERMINATION, by R. S. Bennett. 
Jour. Sci. Instr., June 1949; v. 26, pp. 
209-216. 
In particular, two instruments which 
have been recently developed for use in 
the plating industry are described, and 
results are compared. 


METAL CLEANING 


CHEMICAL SURFACE TREATMENTS FOR MEtT- 
ats, by A. E. Durkin. Tool Engr., Apr. 
1949; v. 22, pp. 22-25. 
Explains methods of cleaning and sub- 
sequent finishing of metals. 


Liquip BLASTING CLEANS AND FINISHES 
METALLIC AND NONMETALLIC SURFACES, by 
B. H. Marks. Mat. & Methods, Apr. 1949; 
v. 29, pp. 64-67. 
Surface blasting with a high-velocity 
stream of abrasive particles suspended in 
liquid, providing an economical means 
of deburring, descaling, and preparing 
surfaces for finishes. 


METAL FINISHING 


FINISHING CONTROL, by John A. Zeindler. 

Foundry, May 1949; v. 77, pp. 128, 248-250. 
How one company employed more effi- 
cient methods to eliminate a bottleneck 
in its finishing department. Emphasis on 
methods of finishing castings. 


(Concluded on next page) 
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How to Finish Macuines, by R. E. 
Gwyther and E. S. Stout. Am. Mach., May 
5, 1949; v. 98, pp. 90-93. 
Paint is described as more than a beauty 
treatment when proper original and main- 
tenance finishing pay real dividends in 
lasting protection. 


FINISHING OF MetaL Parts SPEEDED UP 
BY ELECTROCOATING. Prod. Engng. & Man., 
May 1949; v. 238, pp. 57-59. 
Description of this conveyorized installa- 
tion for the utilization of electrostatic 
spraying for finishing metal parts and how 
it has returned large savings in both labor 
and material costs. 


PROPELLERS, AVIATION 


PROPELLER FLUTTER, by M. J. Turner and 
James B. Duke. Jour. Aero. Sci., June 1949; 
v. 16, pp. 323-336. 


A procedure is presented for the analysis 
of classical subsonic, torsion-bending 
flutter of propellers, extending the earlier 
work by Loring for nonrotating airfoils. 


REFRIGERATORS 


REFRIGERATOR FINISHES, by R. N. Sanger. 
Refrig. Engng., May 1949; v. 57, pp. 460- 
463, 505-506. 
Although great strides have been made in 
20 years, new products and improved 
methods of application are reported in 
the offing. 


STEEL 
Rotary HEAT-TREATING METHOD, by Wal- 


ter H. Holcroft and Edward C. Bayer. Steel, 

May 2, 1949; v. 124, pp. 87-88, 137. 
Described as reducing floor-space require- 
ments and providing greater operating 
flexibility. 


SUPERSONIC SPEEDS 


INTERFEROMETRIC STUDY OF SUPERSONIC 
CHANNEL FLow, by Daniel Bershader. Rev. 
of Sci. Instr., Apr. 1949; v. 20, pp. 260-275. 


Application of the Zehnder-Mach inter- 
ferometer to the study of supersonic flow 
of air expanding from a pressure tank into 
the atmosphere through channels of rec- 
tangular cross section. 


ON SUPERSONIC. FLow PATTERNS, by M. M. 
Munk. Jour. App. Physics, Apr. 1949; v. 
20, pp. 302-305. 
Deals with the streamline pattern and 
Mach-line pattern of perfect gases ex- 
ecuting a steady plane two-dimensional 
potential flow. 


TELEMETERS AND TELEMETRY 


REMOTE ACTUATION OF HIGH-PRESSURE 
VALVES, by P. R. Weber and J. C. Corby, 
Jr. Mech. Engng., May 1949; v. 71, pp. 
395-396. 


Description of an electrical mechanism 
developed for remote-control purposes. 


VALVES 


FLow ReESEARCH YIELDS NEW DaTA ON 
VALVE PRESSURE-DROP CHARACTERISTICS. 
Power, May 1949; v. 93, pp. 106-107, 110. 


How the use of air at commercial pres- 
sures for test fluid makes experimental 
work on large valves practical. The setup 
used to determine pressure drops of exist- 


ing designs and to study flow behavior of 
various internal contours for new con- 
structions. : 


VISCOSITY 


THE SeEconp Viscosity OF LiQuIDs, by, 
L. N. Liebermann. Phys. Rev., May 1, 1949; 
v. 75, pp. 1415-1422. 


Considered here as a measure of the! 
viscous forces which arise when a volume: 
of fluid is compressed or dilated without | 
change in shape. 


WELDING 


INVESTIGATION OF WELDED SHIP CONSTRUC- - 
TION, by J. Lyell Wilson. Weld. Jour., Ape | 
1949; v. 28, pp. 319-329. 


Briefly evaluates some of the more im-. 
portant pieces of research from the point | 
of view of the shipbuilder, under the 
headings of design, fabrication, and ma-. 
terials. 


New MAINTENANCE SYSTEM TRIMS WELDER 
DowntIME 80 PeERcENT, by William J. 
Scanlon. Factory Man. & Maint., May 1949; : 
v. 107, pp. 106-108. 


Three-step program providing for con- 
tinuous preventive maintenance of port- 
able and stationary welding machines 
with the minimum of downtime. 


ULtrasonic WELD INSPECTION, by John C. 
Smack. Weld. Engr., May 1949; v. 34, pp. 
17-20. : 


Recent improvements adapt the reflecto- 
scope to weld inspection. Ultrasonic vibra- 
tions are projected through the plate at 
an angle by successive reflections and 
returned when a defect is encountered. 
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9,000 hp Synchronous Motor, manufactured at C-G-E Peterborough Works, 
driving a centrifugal compressor at a large Canadian nickel mine, 


Iu Canada... 


ten factories manufacture 
General Electric products. 
engineering and sales offices 
and 19 warehouses are located 
from coast-to-coast to serve you. 


CANADIAN GENERAL ELECTRIC CO 


LIMITED 


30 


900 BROADWAY, 


HANDBOOK 


...192 PAGES of 
USEFUL INFORMATION 


Engineers, designers. purchasing agents — 


GET YOUR COPY 


You will find complete data on the lamps used in 
pilot lights. 


And illustrations — all full size — of hundreds of 
items you will use. 


There is a table of resistors for operation of 
lamps on all voltages. 


Complete dimensional data on each unit. 
More than 2,000 Underwriters’ Listed Assemblies. 


The DIAL LIGHT COMPANY of AMERICA 


Foremost Manufacturer of Pilot Lights 
NEW YORK 3, N. Y. 


TELEPHONE SPRING _7-1300 


Sydney + Halifax * Saint John * Quebec + Chicoutimi + Trois Rivieres » Sherbrooke * Montreal « Ottawa * Toronto 
Homilton + St. Catharines « London * Windsor * Noranda + New Liskeard * Sudbury + Timmins + Fort William 
Winnipeg * Brandon « Regina » Saskatoon Lethbridge * Edmonton + Calgary « Trail» Kelowna* Vancouver « Victoria 
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